
AD-780 010

THE TOXICOLOGY OF CYCLOTRIMETHYLENETRINITRAMINE (MD)

AND CYCLOTETRANETHYLENETETRAN ITRAM INE (HMX)

SOLUTIONS IN DIMETHYLSULFOXIDE (DMSO)j CYCLOHEXANONEj

AND ACETONE

EDG~wooD ARSENAL

APRIL 197L4

Tub" thOImhsen:

IL L wlc 6iu Co wmm



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (W1hai Dods EntWOMd

PAGE READ INSTRUCTIONIS
1.REPORT 14UMNSEN GOVT ACCESSION NO- 3. RECIPIENT'$ CATALOG NUMBER

4. TITLE (anE SubEthI.) THE TOXICOLOGY OF CYCLOTRI- 5. TYPE OF REPOIRT a PERIOD COVE~RED

METHYLENETRINITRAMINE (RDX) AND CYCLOTE- Tehial-Rep ort97
TRAMETHYLENETETRANITRAMINE (HMX) SOLUJTIONS MaSet17
IN DIMETHYLSULFOXIDE (DWISO), CYCLOHEXANONE, T EFRIGOG EOTNME

-AND ACETONE
1. UTH~a.Bernard P. McNamara, Ph. D., Harold P. Averill, I. CONTRACT OR GRANTNM UR*

Ph. D, Edmund J. Owens, John F. Callahan, David G. Fairchild,
"MA1, VC, Henry P. Ciuchta, Ph. D., Roy H. Rcngstorff, LTC
mind Donald K. Biskup ______

S. PERFORMING ORGANIZATION NMAE AND0 ADDIRESS 10. PROGRAM ELEEZPOET TAm

Commander, Edgewood Arsenal Ar~A awoRn We; 7UEI

Attn: SAREA-BL-T Picatinviy Ammln Customer
Aberdeen Proving Ground, Maryland 21010 ~drN.R08O0G~

St. CONTROLFIANG OFFICE M'ANE AND ADDRESS 12. REPORT DAYS

Commander, Edlewood Arsenal Arl17
IKttn: SAREA-TS-R I UIZ f AV
IAberdeen Proving Groud Marland 2 1010 112__ j

WONI 1N~ECY MAI a APREUt" W4tt *am C*et4L'40ik Oio.) IL. StCUAITY CLASS& (of AN& mowt)

UNCLASSIFIED

Is. alsiuOU)TION STATEZIENT 1Wg &W anl)SC VOL N

Approved for public reicase; distuibution Lmnilnted.

11. WUF.1.EMNAIRY mOe-s

' ATI(')NA TrCHN11CAI

IN.ORN¶ATIQN SF RVk-f

S ~ ....... it ~06*w.r * umldý Wdietg 640 - .0 ru)

Cyct~iyiictrniuanine IVIniethylsulfoxide Toxicology
KP4X Cyclohexwnon LDSO
Cycl4otetre.ctetlytcnctrtariiiratinc Acetone Si

M* AMUTACT (CeAU4m on mwav 40 0-es 4 44WU~ 54 60# W"A 6
A study of &c toxicology of the explosime ;- clotrfrnethylenetriiI aitfneifC RIMl( uW

cya-otetranethytcnetearvit-rianiz (HMX) in acetone, cydlobex~none. and pura and technical girade
dimethyl~sulfoxide (D?4S0) -was initiated to establIs whether there is any dang-r to Plant prWsonAc
that handle such m~ixtures. This "epoet contains a revkcw of the exising litemuure on etch explosive
and on each sohvnt It also descsibes tests thAt weneer~ce oetbls h nrvnu to~c
of the epokcinDSO, t U- skin effoctK the phuarrnao"oia efctcln the WSe itizAtiOn poential,

(Continued on reverse 440

DO 1AN7 147 EDTIO OF WOS#SOOL~S /UNCLASSIFIED)
ZaCUSUTV CLAISISICATIOW OW TuWIG PA"t (Wa Do" FAIN"d)



UNCLASSIFIE'D
SECUNITY CLAWNFICAIIONl O THIS PAMl " DO& heame l

19. KEYWORDS (Contd)

Explosives Dermatitis Ocular administration
Topical application Intradertmal application Skin sensitization
Cataracts

20: ABSTRACT (Contd)

and the oculir effects of the explosives in each solvent. AD of these tests were conducted on
animals. In mice, the intravenous LD50 for RDX in DMSO is 18.7 mg/kg and for HMX in DMSO in
28.9 mg/kg. In guinea pigs, the intravenous LD50 tor RDX in DMSO is 25.1 mg/kg and for HMX in
DMSO is 28.2 mg/kg. The LDS0's of RDX 'nd HMX in other solvents were not established. RDX
and HMX in the thlt.- solvents did not penetrate the skin, as evidenced by the lack of physiological
rspouses in dogs and unchanged blood component values in rabbits. From the intravenous studies
in dogs, it was shown that acetone and cyclohexanone alone exert a depressant effect on the
cardiovascular system. Cyclohexanone also causes changes in the electroencephalogram pattern and
produces a semicomatose to comatose condition. DMS0 had relatively little effect. Therefore, the
majority of these studies were done with tChe explosives in DMSO. It was found that the immediate
effects of RDX and HMX differ, RDX affecting the CNS immediately and HMX producing a
circulatory collapse initially, with delayed CNS disturbances. Topically and intradermally applied
RDX and HMX in the three solvents did not produce usually any greater skin damage than the
solvents aione, but there were several exceptions. Repeated topical applications caused dermatitis
without fissures, eschars tir scabs, but intradermal injection caused severe skin damage. Topical or
intradermnl application of the solvents or of RDX and HMX in the solvtets 3 days a week for 3
weeks, followed in 2 weeeks by topical or intradermal challenge. gave no evidence of sensitization.
Ocular administration showed that RDX and HMX are no mom. damaging than the %olvents alone,
but the solvents themselves cause cataracts in guinea pigs. From these studies, it is evident that strict
premkations should be taken to avoid skin and ocular ontact with HMX and RDX in the solvents
studied.

UNCLASSIFIED
-~ SCaftTY CiLA IN~CATIMO C T"i~ P~~b baft Ea"-



SUMMARY

A study of the toxicology of the explosives cyclotrimethylenetrinitramine (RDX) and
cyclotetramethylenctetranitramine (HMX) in acetone, cyclohexanone, and pure and technical grade
diniethylsulfoxide (DMSO) was initiated to establish whather there is any danger to plant personnel
that handle such mixtures.

This report contains a review of the existing literature on each vxplosive and on each
solvent. It also describes tests that were conducted to establish the intraveivous toxicity of the
explosives in DMSO, the skin effects, the pharmacologica! effects, the sensitization petential, and
the ocular effects of the explosives in each solvent. All of these tests were conducted on animals.

! In mice, aic, 4i4,,d4njls LD50 for RDX in DMSO is 18.7 mg/kg and for HMX in
DMSO is 28.9 mg/kg. In guinea pigs, the intravenous LD50 for RDX in DMSO is 25.1 mg/kg and for
HMX in DMSO is 28.2 mg/kg. The LDSO's of RDX and HMX in other solvents were not established.

RDX and HMX in the three solvents did not penetrate the skin, as evidenced by the
lack of physiological responses in dogs and unchanged blood component values in rabbits.

From the intravenous studie in dogs, it was shown that acetone and cyclohexanone
alone exert a depressant effect on the cardiovascular system. Cyclohexanone also causes changes in
the electroencephalogram pattern and produces a semicomatose to comatose condition. DMSO had
relatively little effect. Therefore, the majority of these studies were done with the explosives in
DMSO. It was found that the immediate effects of RDX and HMX differ, RDX affecting the CNS
immediately and HMX producing a circulatory collapse initially, with delayed CNS disturbances.

Topically and intradermall' applied RDX and HMX in the three solvents did not
produce usually any greater skin damage than the solvent alone but there were several exceptions.
The animals treated with single or multiple I.0-ml doses of RDX in DMSO consistently had
dermatitis while those receiving tho same doses of DMSO alone did not. Some of the rabbits that
received single or multiple doses of RDX in acetone or cyclohexanont had dermatitis and the
solvent controls did not. HMX in acetone and in cyclohexanone, applied repeatedly, caused
dermatitis but the solvents alone did not. Repeated topical applications of the mixtures caused
dermatitis without fissires. cchar, or scabs, but intradrvnal hijection caused severe skin damage.

Topical or intradermal application of the solvents or o' RDX and HMX in the solvents
3 days a week for 3 weeks" followed in 2 weeks by topical or intaternaW challenge. gave no
Cvidewce of sensitization.

Ocular administration showed that RDX and HMX are no mote damaging than the
solvents al2i11, but tile solvents thcaisdves case cataracts in guinea pigs.

From these studies, it is evident that strict prccaution• should be taken t avoid si
and om contact with WAX and RDX in the solvent studies.
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!1
The work described in this report was requested by Picatinny Arsenal and authorized

by Customer Order Number RA02850202GGF4. The work was started in March 1970 and
completed in September 1970. Experimental data are contained in notebooks MN 2242, MN 2130,

* and MN 2377.

In conducting the research described in this report, the investigators adhered to the
"Guide for Laborato.ry Animal Facilities and Care" as wromulgated My the Committee on the Guide
for Laboratory Animal Resources, National Academy of Sciences - National Research Council.

Reproduction of this document in whole or in part is prohibited except with
permission of the Commander, Edgewood Arsenal, Attn: SAREA-TS-R, Aberdeen Proving Ground,
Maryland 21010; however, DDC and the National Technical Information Service are authorized to
reproduce the document for US Government purposes.

The information in this document has been cleared for release to the general public.
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THE TOXICOLOGY OF CYCLOTRIMETtiYLENETRINITRAMINE (RDX) AND
CYCLOTETRAMIITHYLENETI.TRANITRAMINE (IAMX) SOLUTIONS IN
DIMETIIYLSULFOXI iW (DMS0), CYCLOHEXANONE, AND ACETONE

i. INTRODUCTION.

The object of this report is to present the results of a toxicological study performed at
Edgewood Arsenal of the explosives cyclotrimethylenetrinitramine (RDX) and cyclotetramethyl-
enctetranitramine (HMX) dissolved in dimnethylsulfoxide (DMS), cyclohexanone, and acetone.

In September 1969 the Toxicology Division was asked by Picatinny Arsenal to perform
the study bccause of concern for the safety of plant personnel who handle RDX and HMX in
various solvents. A proposal to conduct single and repeated dose tests of rabbit skin, sensitization
tests in guinea pigs. and mechanism of action studies in dogs was approved. In addition to this work,
the intravenous toxicity of the compounds was tesled in mice and guinea pigs; eye effects in guinea
pigs were evaluated; and an extensive review of the literature was prepared.

11. REVIEW OF LITERATURE.

A. RDX.

1. Chemical and Physical Characteristics.

The formula for RDX is:

H,I-
C

O-IN --N N --NO-)

1t2( C H I,

N /

N

02

RDX is a solid having a melting porit of 200-203"C. it is insoluble in water, ether, and carbon
tetrachloridc, but soluble in *,mnc ormanme solvents such as dimethyisulfoxide (DMSO). acetoe,
cyclehexanonc. hot aniiliwe. phwcnol. and mtrobcnzene.

2. Biological -effezts.

The most prominent cffect of K-DX apcxrs to be ixtitrc -rvous systcma CXcitatico.
Thus. RDX is 1AharmacologicaUy dilfferent from nitrites and Witrate, which act on the cardiov'-ascular
system, causrg hbypotension.
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Wnderman, et aI4 showed that the acute oral LD50 for nonfasting rats was about 200
mg/kp and for fasting animals was 50-100 mg/kg. Witen they gave pentobarbital to rats the
n-irtality from a given dose of RDX decreased. RDX given in intravenous doses of 18 mg/kg and
intraperitoneal doses of 10 mg/kg killed rats.

The oral LD50 for mice was reported by Slanskaya and Pozharsky 5 to be about 500
mg/kg. They found a dose of 100 mg/kg caused no signs in mice but was lethal to cats.

Patty' showed that daily oral doses of 15, 50, and 100 mg/kg for 10 weeks killed 1,
17, and 15 rats, respectively, in groups of 35 animals. The animals became irritable and vicious, and
convulsed frequently. The lungs and gastrointestinal tracts of the dead animals were conge-ted.
There were no pathological changes in the survivors.

In the experiments )f von Oettingen et al.3 one of seven dogs that were fed 50
mg/kg/day of RDX, 6 days/week for 6 weeks, died. The animals became excited and irritable within
a few hours after the first dose. Within I week, rd;flexes were hyperactive, salivation was evident,
and convulsions and collapse occurred. After the first week, the animals lost weight even though
their appetites were good. There were no blood changes, no methemoglobinemia, and no
microscopic pathological changes. After acute exposure of animals, Slanskaya and Pozharsky5

noted changes in the fibrous material of the walls of the blood vessels in the central nervous system
and degeneration of the nerve cells; after chronic exposure, the liver, lungs, and heart were also
affected.

Workers in RDX plants in Italy developed epileptic-like seizures; followed by amnesia,
weakness, fatigue, and malaie. 6 These effects occurred most frequently in men performing tasks
where inhalation of the dust was possible. Recovery was complete when the individuals were
removed from contact with the compound.

In other plants where the RDX was handled in a moist state, sytemic toxicity was not

scvn. Primary irritant deruatitis and skin sensitizaticn did occur during the nitration process. lits
wa-s p•ssibly caused by unidentified component of the fum-es emanating from the reaction
mixtur.•'" The final puiificd material did not produ.-c dermnaitis.7 Patch teots with nmoistened
RDX dod not CaUS' ifritatton)3

B. ttM X.

Ciecnical and Physical (.'14i-•ri.ti.cs. 9

The formula for IIMX is:

NO0

N -4 (ift-,

N -NO

O-N -N CHt,

(11- - N

NO,
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II
IIMX is a solid h9 iv,',g , melting point of 279*C. It is soluble in some organic solvents such as
DMSO, acetone,9 and cyclohexanone.

2. Biological Effects.

No information was available from the published literature on the biological actions of
HIMX.

C. DMSO.

1. ('Chemical and Physical Characteristics.

DMSO is a colorless liquid with the following formula:

0II
CH-S -- CHl

DMSO has a molecular weight of 78.13, a boiling point of 189 0C, a freezing point of 18.55 0 C, and a
density of 1.0958 gm/mil at 25'C. It is miscible with water and maiy orgarnic solvents. It has been
widely used for its solvent properties.'0.1 I

2. Biological Effects.

DMSO has been studied extensively. It has been used as a skin peretrant and vehicle to
carry drugs through the skin. 12 It protects a variety of cells from the damaging effect:, of freezing
and thawing. When present before and during exposure, DMSO protects against radiation damage to
cells and whole mammals.1 3 It is anti-inflammatory, analgesic, bactcriostatic, diuretic, sedative, and
fibrinolytic. DMSO has been reported to be helpful in rheumatoid arthritis, inflammatory
conditions, neuroskeletal injuries, zind sclerodernia. It is beneficial in dermatological, urologicl, and

ophthalmo logical disorders as well as in diseases of ýhe ear, noske, and throat. 2

A number of undesirable toxicologi.al Wfee is have also been reported. I I 2 D.MSO is
metabolized to form dimethyl sulfide, which gives the ,imath a garlic-like odor. Occasional alekrgic
re~actions have been noted. Topical application has caused local and general dermatitis. Prolonged
administration of largp oral or dermal doses produces lens opacities in srine, dogs. and
ra-boils-' 4 8 Tcratogenic effects have also been reported.'' DMS(O ducs not sensitize the skin of
guinea pigs,2- and does not stecin Wo be carcinoger.t;.- " 2

. 'oxi-uogv of I)DMSO.

a. Single DoscS.

"I here s a. clowe smilarity of thc signs pro4ticcd by IMMSO in vYarious annal specie and
by various rootc, of administration. For cxwnple. ilh 1,D5O's for single. intravenous injections I'-

I.! I



mice, rats, cats, and dogs ranged from 2.5 to 8.9 gm/kg.18 The signs observed at lethal or near lethal
doses were similar in all species (decreased activity, tremors, weakness, dyspnea, stupor,
convulsions, hypothermia, and hematuria).1 8 However, Feinman et a]. 23 infused 4.0 gm/kg
intravenously into two monkeys without causing death or signs.

Single oral doses also produced similar signs in various species. The signs were like
those seen in the intravenous studies except that emesis was also noted.t

Subcutaneous and intramuscular injections caused local areas of inflammation, edema,

hemorrhage, and necrosis.1 .

DMSO applied to the skin produced transient erythema. When the bodies of mice and

rats were immersed in DMSO, most animals died within 24 hours. 18

Ocular administration produced lacrimation and edema and erythema of the orbital

tissues.
1 8

LD50 values and toxicity o', DMSO by various routes of administration in several

animal species are shown in table I as reported by Smith et a.. 18 and in table II as reported by
Caujolle et at. 19

Table 1. Single-Dose Toxicity of DMS0

LD50

Species Intravenous Oral Subcutaneous Intraperitoneal Dertnal

gm/kg

Mouse 3.8 -- 8.9 16.5 - 24.6 13.9 - 20.5 14.7 - 17.7 <50 (31)

(18,24,25,27,28)* (18,25,28) (18,24) (18,27)

Rat 5.2 - 8.1 17.4 -28.3 12.0- 20.5 13.0 (18) •40 (18)

(18,24,25) (18,25) (18,24)

Guinea Pi, - > 11 (29) - >55 (29)

C .i -kea " 14 (29) -

Cat -4., -

1 1)g -2.5 (24) >10 >11 (18)

Monkey >4 (23) >4 (23) ->11 (18)

.T.e nuwroers in •irentheses are references.

12



STable IH. Toxicity of DMS. in Mice and Rats

* !Dose

liffect (24 hr) intravenous Itmr:;peritoneal Subcutaneous Oral

Sgm/kg

Mice

MDNF U 5.0 14.0 12.2 >14,0

LD50 11.0 20.1 16.0 N.E.

MDAF 4 14.8 >22.1 22.5 14.0

Rats

MDNF 6 .0 11.1 10.0 '15.0

LD50 N.E. 13.7 13.7 N.E.

MDA- > 6.0 15.0 15.0 >15.0

,j MDNF - maximum dow. nevc flatal

MDAt: - miumum dose always I'atal

, .'. -not evaluated

b. Repeated Doses.

0) Intravenous.

The intravenous LI)50 DMSO for dogs is about 2.3 gm/kg. 24 Rosenkrantz et al. 24 gave
two dogs steadily increased intravenous doses of DMSO daily. They survived 1.86 gm/kg but died
when dou; was increased to 2.95 gm/kg.

Intravenous doses of 0.3 to 2.4 gm/kg of LDMSO (both undiluted and diluted) were
given to dogs by Wilison ct al[2 6 days ler week for 4 weeks. Anemia. hemnoglobinuria,
bilirubinuria, inmreased serum glutamic o:alacetic transaminase activity, iron-positive pigment in the
liver, spleen, and kidney. as well as cloudy swelling in the liver resulted. The four dogs that received
the 2.4 gm/kg dose died.2'

(2) Oral.

Oral doses of 2.5 gm/kg/day given by Caujolle and coworkers (cited by Smith ct al. I 8)
for 6 weeks it) mice caused degeneration of the liver and indications of nephritis. When Caujolle
gave oral doses of I, 2 and 5 gm/kg/day for 6 weeks to rats. these dosrs also caused changes in the
liver and kidneys. Smith' 6 (unpublished data) found reduction in body weight, and some organ

13



weights, but Ino gross adverse effects when 1, 3. and 10 gm/kg were administered orally to rats for
59 consecutive days. Rats survived oral %4nses of 0.4 and 7.0 gm/kg for 13 weeks in the experiments
of Sommer and Tauberger (cited by Smith et al. 1 8), The lower doses caused some atrophy of the
spleen. Doses of 14.J gm/kg caused sedation and death. Hematological findings and urinalysis were
normal. Necropsy revealed gcneralized hyperemia, gastrointestinal hemorrhage, and splejic lhu.nges.

Smith ca al. 18 reported that oral doses between 2.5 and 10 gm/kg given for 14 day&
caused death in one of three dogs. Continued dosing of the other two animals caused sedation,
ulceratioa of the oral mucosa, injected sclera, muscle tremors, elevated hemoglobin and hematocrit,
increase ii transaminase activity, fatty degencration of the liver, and hernor;hnges in th:
gaitro-intestinal tract. These doses also caused some changes in the ocular lens after 48 days.

Monkeys tolerated five daily oral doses of 4.3 gm/kg without adverse effects.2 3

Daily oral administration of I or 3 ml/kg, or dermal administration of 1, 3, or 9 mI/kg
A. ')MSC, to r-'.s monkeys for 18 months produced no toxicological effects in body weight,
blood pressure, heaA rate, respiratory rate, body temperature., water consumption, neurological
reflexes, electrocardiograms, hematology, and urinary constituents. 26 There were no pathological
changes or lenticular effects attributable to DMSO. Some animals receiving oral doses of 9 ml/kg
died between 15 and 53 days of study. Atelectasis and emphysema were the only pathological
..hariges.

Repeated doses of DMSO that did not produce deaths, as reported by Smith et al. 18
are sJ*own in table 111.

Table Ill. Highest Doses of DMSO Not Producing Deaths When
Administered 3-7 Days PNi Week for 2-26 Weeks

[ Dox

* r. Subcutaneous Intraperitoneal Dermal

Rat 2.5 (24)* 11.0 (29) 10.0(24) 8.2(29) 10(18)

Dog 4.80l8) 10.0

Monkey 4.0(23) 4.0 (23) - 11 .(18)A

*lThc •unibe~s m parcnt~hcw are- refereaces,

c. lEffects on Skin.

(I) Anirs.

Brown et al.2 9 painted neat DMSO on hairiess mi-ce twicc a week for 30 wzeks with no
noticeable effects. They also found no gross or microscopic signs of damage when the liquid was
applied to clipped backs of guinea pigs daily for 28 days.

14



Undiluted DMSO and 60%, solutions weie applied to the shaved skin of dogs and

monkeys by Smith et al.' 8 in doses of 3.3 to 33.0 gm/kg/week for 6 months.1 8 Application

produced transient warmth and reddening of the skin. Furfuraceous and membranous desquamation
of the epidermis started within 3 weeks and persisted throughout the experiment but microscopic
examination revealed no involvement of the deeper layers. Cutaneous appiication to rats produced
hyperkeratosis, parakeratosis, and focal ulceration. 8

When applied topically to anesthetized dogs, increased temperature of the skin,

subcutaneous tissues, and underlying muscles was noted by Bradham and Sample. 3 0 DMSO did not
I produce dermal sersitization in guinea pigs tested by Goldman et al. 20

(2) Man.

Kilgnan3i applied 9 ml of 90% DMSO to the torsos of 20 people for 26 weeks. He

noted a transient erythema, mild scaling, and diffuse erythematous dermatitis. Skin biopsies of
other subjects who received twice as much DMSO showed a mild perivascular lymphocytic
infiltration, acanthosis, absence of a granular layer, and parakeratosis.

Various investigators have described dermal effe.-ts of DMSO. Erythema32 heat,2 0'33

* local ir-tation,2 0' 34 '3 5 burning and tingling36 ' 37 a&e often -noted immediately or soon after
application. The burning sensation lasts 10 to 30 minutes,36 and the erythema disappears within I
hour.3 2 These effects are less intense with continued use.

With repeated use and occ.asionally after a single application, a variety of skin effects are

noted.3 2 The' include redness, rashes,36.38s39peeling,36 sc,,ing,32 36 local dermatitis.3 94 1 general

derrna.:tis,3 2 and vesicazation. 32' 36 The site of application sometinies becomes sensitive to sunlight. 0

Slzherge•r4  reported on wheals and flares following application to scratches or
intracutaneous injection. DMSO may cause: lberation of histamie.3

Urticaria, 0.3 5 angioneurotic edema, and swelling of the tongue have been mentioned
as consequenc's f using DMSO.1 Bad breath is a frequently mentioned effect noted after dermal

• . c~~pphcation.3 -- 4,637

(0t O:,-ir Effects.

The ocular effects of DMSO r'-qJire special mention since these actions prompted the
Food and DMug Admwnistation to bar. human testii.g for a time.4 3 Rubin and Barnett14 found lens

* - changes in dogs after 9 ,,:s of oral dozng at 5 gm/kg/day. Doses of 2.5 gm/kg/day caused

opacities after a longer period. TI'e dogs were refractory to the M,'driatic effect of tropamide.
Lenticular changes occurre-.. in 90 days following dermal doses of 4 .nl/kg/day in rabbits of 4.5 ml

(%W DVSO'/ke/day i, sw:,ne.

"Wood et al.s in their stadies of robbit eyes foLnd that oral doses of 8 to II
gm/kg/day produced hazy lenses . I to 2 weeks. Topical aFilication of 10 gm/kg/day on the back
also causes some hazine-'i. Hematological findings in these -nimals were normal. Single drops of 10,

,15 30, and i 00Y/ DMSO in rabbit eyes three ý,aies/day for 6 months caused no effects except
lacriaation. Animal growth and heniatological and pathological finding- remained normal.
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When Kleberger' 6 administered 9 mi/kg/day (50% DMSO) to beagle dogs by stomach
tube, it caused vomiting. Marked refraction changes toward myopia were noted in I week. A slight
opalescence of the lens developed after 2 months.

Lenticular changes and myopia are not readily seen upon ophthalmoscopic gross, or
microscopic examination of the lens. Examination by retinoscope or slit-lamp is required. Smith et
al. 17 found lenticular changes and myopia in dogs after oral administration of 5 or 10 gm/kg/day of
DMSO. Without slit-lamp examination, no abnormalities were noted in dogs following intravenous
doses of 1.6 gm/kg/day for 62 days, or in one dog that was given 2.4 gm/kg/day for 33 days,
followed by 4.8 gm/kg/day for 28 days. Dermal doses of 6.6 gm/kg given 5 days/week for 6 months
did not reveal any abnormalities.

Barnett and Noef 44 fobiad changes in the refractive index of the crystalline lens of
seven out of eight rhesus monkeys receiving 9 ml/kg/day orally and suspected such changes in six of
eight animals dosed with 3 mI/kg/day. An increased brightness first appeared at the central or
nuclear zone of the lens which later became clearly demarcated from the peripheral zone. However,
these changes were not seen in monkeys receiving intravenous in fusions of 4 gm/kg/day 5 days a week
for 69 days,2 3 oral doses of S gm/kg/day for 100 days,4 5topical application up to 33 gm/kg/week for
6 months,' 8 or following daily doses for 18 months of I or 3 ml/kgorally or 1,3, or 9 ml/kg dermally. 2 6

Gordon 46 mported that a 16-year old boy with severe bilateral uveitis exhibited a
small subcapsular lens opacity for approximately 5 months of treatment with eye drops of DMIISO.
The opacity was not incre,,sed with continued administration of DMSO and was believed to be a
consequence of the uveitis and not the therapy. Other patients received the eye drops for I to 15
months.46

Numerous studies in man have not revealed any actions on the lens. 3' ,3 ,3 7 ,3 9 ,4 0 .4 1A6

c. Teratogenic Effects.

In 1965, Caujolle et al.4 7 found that low doses of DMSO in different species prcduced
some abortions but no malformations. In 1966, these investigators19 gave oral or intraperitoneal
doses of 5 to 12 gm/kg to mice during the 6th to 12th day of gestation. Doses of 5 to 10 gm/kg
were given to rats by the same route and for the same time comrse. The animals were sacrificed I to
3 days before parturition. DMSO produced malformations in the mice after the intraperitoneal doses,
but not after oral administration. Both oral and intraperitoneal doses caused abortion and
malformations in the rats.

Rabbits received 5 gin/kg orally or 4 gm/kg subcutaneously from the 6th to the 14th
day of gestation. 19 The animals were sacrificed on the 20th to 24th day of gestatiun. Only one
malformation was found among 83 fetuses.

Malformations were produced in the chick embryo when doses approaching the LD50
(10.3 mg/embryo at 72 hours and 12.2 tug/embryo at 96 hours) were employed., 9

Form48 found DMSO to he teratogenic when administered in high doses to banisters.

A single oral dose (10 mi/kg) of DMSO given during the period of organogenesis (7th
day of gestation) was teratogenic to hamsters.4 9
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1f. Tumo"igenic Actions.

Research in the area indicates that DMSO is not tumorigenic. The influence of the
daily ingestion of 50 ppm of DMSO on the production of breast tumors was studied in
Sprague-Dawley rats. The DMSO was started 3 days before or after gavage with
7,12-dimethylbcnzfa ianthricene. The gavage alone produced tumors in almost all animals in 4 to 8
weeks. After 18 months DMSO had no beneficial or deleterious effect on the number of rats that
developed tumors, or on mortality. Rats that received DMSO had fewer tumors than control
animals.2

DMSO was more cytocidal to leukemic lymphocytes than to normal lymphocytes.
Cells from patients with acute granulocytic leukemia, cells of spontaneous lymphomas of AKR
mice, and cells of transplantable rat lymphoma also were relatively sensitive to DMSO. 22

DMSO was found to be of value in research on cancer of the cervix. When Ayre and
LeGuerrier5 0 applied the compound to precancerous lesions or to in situ carcinomas, no structural
changes were seen. When decardron, an adrenal steroid, was applied in DMSO to such tissue,
regressive cytological changes occurred in 2 to 3 weeks. Barium chloride changed normal epithelial
cells of the cervix to bizarre muitinucleated cells characteristic of premalignant dysplasia. DMSO
potentiated this effect of barium chloride.

D. Acetone.

I. Chemical and Physical Characteristics.

Acetone (2-propanone; dimethyl ketone) is a colorless liquid with the following
formula:

0II
C

CH3  Cl13

It has a niolctular weight uf 58.08, a boiling point of 56.1°C, a freezing point of -95.6 0C and a
density of 0.7911 gm/mI at 20TC. It is miscible with water and other organic solvents.5 1.5 2

It is widely used as a solvent for rmsins, fats. oils, collodion cotton, celluloid, cellulose
acetate, etc. It is also used in the manufacture of smokeless powder, explosives, lacquer, varnishes,
celluloid products. rubber compounds, chloroform, ketones. iodoform. suiphonol, dyes, cements,
adhesives, artificial silk, artificial leather, and lubricating oiD5.

Acetone is prepared commercially by the destructive distillation of wood, by
distiliation of calcium acetate. by tfrmentation of corn products using selected bactera, and by
catalytic oxidation of isopropyl alcohol, cumene, or natural gas.5 2

Because of its low flash point, the fire and explosive hazard of acetone is a major factor
in its handling.

5 2

" 1'7
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2. tlazird and Physiological Considerations.

Acetone has a more rapid narcotic action than methyl alcohol when received
intravenously, orally, or by inhalation, but is less toxic. Its effect is similar to but greater titan that
of ethyl alcohol. Due to its volatility the most likely route of administration is by inhalation. When
inhaled, acetone is readily absorbed in the blood stream because of its solubility in water and thus
transported rapidly throughout the body.5 3 Eye and skin contact may occur, but ingestion is not
likely because of its sharp and bitter taste.5 2 When absorbed through the skin, acetone penetrates
more slowly than ethyl ether or chloroform because its high solubility in water results in slow
penetration through the epidermal cells.S4 The danger of skin absorption is small and unlikely to
occur in normal industrial operations.5 3 The principal hazards to health are diretly related to the
inhalation of vapors at very high concentrations and to repeated and prolonged extensive skin
contacts because of the potent solvent effects of the compound.5 2 Acetone also has an irritating
effect on mucous membranes. 5 3

Some early investigators considered acetone to have some toxic action on the kidneys
when inhaled as well as when ingested. Later experiments have shown the toxicity to be much lower
(almost identical to the toxicity of ethyl alcohol) thantheyreported. However, kidney damage has
been demonstrated when acetone is taken orally. 5 3

Acetone is excreted rapidly, mainly by the lungs. In excessive exposures, some is also
excreted through the skin and in the urine. 5 2

Data on metabolism of acetone suggest that much of it is split to formate and acetate,
to acetoacetate, and to the 3-carbon intermediates of glycolysis.5 2

3. Toxicity in Animals.

a. Single Oral Dose.

The toxicity of acetone in animals by this route is low. The lethal and narcotic doses in
rabbits are reported to be 10 ml/kg and 7 nfl/kg, respectively. In dogs, the lethal and narcotic doses
were determined to be 8 ml/kgand 4 ml/kg. respectively.5

b. Single Intravenous Doses.

Lethal doses for rabbits and rats are 4 rttlkg. and 6 to 8 nl/kS respp'c ly. The
narcotic dose was detcrnined to be 2 ml/kg for both species.5 2

c. Single Intramuscular Doses.

Rabbits were depresd but not made unconcious when given 5 nil/kg
intramuscularly.3 2

d. Skgin Irritation.

Acetone may produce local dermatitis due to its defatting action on the skin if
repeated prolonged contact occurs. An occasionl short exposur should ,wot cause skin inritation. 5 2
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Sc. Skin Absorption.

Lazarew (.t al.5 4 reported that the amount of acetone absorbed through the skin was
slight when they measured the amount exhaled and tihe amount in the blood following immersion of
animal's foot.

J--= Inhaiation.

The hidhalation effects of acetone are shown in table IV.53 As with the other routes of
, - administration, the inhalation toxicity of acetone in anini.,s is low.

g. Eye irritatcii:.

(Carpenter and Smyth55  reported that small doses of acetone caused moderate
irritation to the eyes of rabbits. Larson and co-workers5 ' demonstrated mild edema. Gomer5 /
suggested that dehydration of the sclera by the acetone resulted in gelatinous flocculation and
opacity of (lihe slra. Injuries so incurred would be expected to resolve completely.

4. Effects in Man.

a. Repeated Oral Doscs.

Albertone5 reported that acetone taken orally in doses o- 15 to 20 gni daily for
several days produced no ill effects other than slight drowsiness.

b. Ey Elfccts.

Nelson and co-workers5 9 reported that persons not accustomed to atmospheres
containing acetone vapor experienced eye, nasil, mid throat irritation %% lhen exposed to
concentratiojis of 500 ppm. hlowever, Oglesby v/ d/ (Gs cited in lPatty 5 -) fouand that acclimated
Spersons could tolerate as much as 2500 pPin with only minor irritation o" the nose and throat, that
200 to 400 ppni was det-ctable only upon immediate contact, and that after a short time, 700 ppm
was undelektab-le.

c. Inhalation.
l,:,tty5 2 reported that Kagai, ii experitnents on hiws.,. found that it was impossible

to inhalte acetone conc,.ntrations of 22 zgL! liter 0V300 ppmi for imigvr than 5 minutes because of
acuite irritation of the throat. lit addition to determining the intolerable concentration. Kagan also
determined his ab.srption of inhaled vapor to be 7l;i lur the 5-minute e\posure. Two other men
exposed by Kagait to I i mg&1 4650 ppmw for 15 minutes absorbed 76 and 771,ý respectively.

lBtggN and Schalfer, as cited uy Pai-tty 5 2 teluted that the coeffi••eot of' distribution
of accione bNtween alveolar air and blood or water was 1:333, expretssd in mg/liter. Thus, a
worknwn breathing 1000 ppm (2.3 mg!hter) of acetone in air would reach equilibium when he had
attained a blood concentratnon of 0.77 gaini/er. UWder these expolure conditionm, a man nf average
weight would accumulate 40 gm of acetone throughout the body. Once this level was attained, the
only acetone absorbed would be that iviluired to replace Ue anmount metabolized or excreted and
sufficient to equilibrate water consumled. Haggard, el at. also cited in Patty5  demonstrated that

- - this equilibrium is never actually reached even after several days of continuous exposure.
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Patty cited Parmeggiani and Sasi 5 2 who showed that excretion of acetone in humans
after a single oral dose is rapid for 8 hours, but is not complete in 24 hours. They reported that
under conditions of light work and normal urination, the proportion of' acetone excreted was
approximately 40 to 70% in the breath. 15 to 301% in the urine, and 10%, through the skia.

d. Skin Effects.

Acetone is only slightly irritating to the skin even after rather ýevere exposure. It may
be slowly absorbed through the skin but this appears to be of little practical significance. The
principal hazard to the skin involves the strong solvent action of acetone ,n skin lipids and other
skin constituents. Damage of this kind only occu's with repeated, prcionged, and extensive skin
contact.5 2

5. Summary.

The uncidence of acute acetone poisoning is very low when the popularity of this
solvewt and the huge world-wide yearly consumption are considered. Although nonfatal industrial
poisonings have beeuu reported, they have resulted from the inhalation of high concentrations of
acetoiie.

5 3

Reports of poisonings due to repeated exposures have usually involved acetone as the
solvent in combination with other materials. It is doubtful that the toxic symptons reported by
workers who were affected could be attributed to acetone.5 2

Patty 52 cites the extensive studies conducted by Oglesby and co,.wVtrkrn over a
I 5-year period thea represent 21 million man-hours of experience (average exposure ,'ions
up to 2000 ppm), and the 10-year studies perfonned by Fassett. both groups hay, ." ted
that no individual was injured by chronic acetone exposures. It ;s obvious from these. ýi,.•a UIa -he
toxicity of acetone is low. The lethal dose for humans cannot be estimateo. 52

6. I lygyienic Standards ofl Penissible Exposure.

"f'hc American Conference of Governmental Industrial flygienists60 has recommend•ed
a threshold limit of 1000 ppm (2400 mg/cu in) for acetone. This level is in good agreement with the
results repvrted by Oglesby.5 2

E. Cyclohexanone.

1. Chemical and Phýyic-l( Ciaracteristics.

('ycoloexanone is a coloriess, neutral liquid of peculiar ketone-like odor, with tEle
following formula:

1 I: II-
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Tne molecular formula is C6 H1 00 and the molecular weight is 98.14. The boiling point is 155.6 0C,
the. melting point is 450 C, the specific gravity 0.9478 20/4PC, and the vapor pressure 4.5 mm Hg at
25r.. Cyclohexanone is only slightly soluble in water but miscible with organic solvents. It is
manufactured by catalytic oxidation of cyclohexanol and distillation of pimelic acid salts.5 2,5 3

Like many of the ketones, cyclohexanone is usea both as a solvent and as a chemical
intermediate. It has many applications in the lacquer, paint, and printing-ink trades. Its excellent
solvent properties have made it desirable as a spot remover in the dry cleaning and textile industries.
It is used in relustering and spray-painting fabrics. It is used as a degreaser, expecially in removing
grease from nickel sheets. It is used in the (eather industry as a thinner for fast-coating finishes on
light and fancy leathers and for wet and dryi' degreasing in this trade. it improves the adhesion .-f
varnishes, expecially on greasy leathers. 52 ,. 3

It is stable and should not present a problem of flammabiity, tnless handled at elevated
temperatures. 5 2

2. Hazards of Physiological Action.

In the handling of cyclohexanone in industrial applications, skin and eye contact and
inhalation of the vapors are most likely to occur. Ingestion or absorption of dangerous quantities
through the skin are unlikely unless excessive exposures are encountered. 5 2

Cyclohexanone is both an irritant and a narcotic agent. Death is thought to be due to
respiratory failure. At high dosage levels, Treon et al.6 1 found the organic sulfate and glucuronic
acid output in the urine of rabbits increased.

No specific lesions were found in rabbits following exposure to lethal doses. Toxic
effects were general vascular injury and inflammation. In repeated exposures of rabbits to smaller
concentrations (190 ppm), liver or kidney changes were barely demnstrbte and no significant
blood changes were observed. 61

Due to its low volatility, the possibility of obtaining hazardous levels during industrial
handling is slight unless the procesz is conducted at elevated temperatures& 1 he compound has
strong warning properties (eye, nose, and throat irritation) at low concentrations; thus,
overexposure to concentrations that may cauue systemic injuty are not likely to be tolerated
voluntarily by most humans. Cyclohexanone has a low acute oral toxicity; occasional skin contact
with the liquid should not be irritating but prolonged or frequent skin contact will cause defatting,
irritation, or dermatitis. Eye contact may result in marked irritation and N.o-n-e transient corneal
injury.

5 2

3. Toxicit" in AnimtaJ.

a. Single Oral Doses.

Jacobi, dayashi, and Szubinski" 2 reported the minimum lethal dose of cyclohexanone
for mice to be 1.3 to 1.5 g/kg. Treated mice wAre seen to develop paresis of the hind quarters,
narco.is, and deep, sP-w respiration before death. Troon, Crutchfield, and Kitzmiiler6 3 reported the

MOLD00 value for rabbt-!,s to br 1.6 to 1.9 gm/kg and observed an increased excretion of organic
sulfates and glucuronic acids in the uine. Some lung dam-age was seen at high dosages.
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b. Single Intraivenous Dose.

Patty5 2 cited Caujolle and coworkers who reported that 630 mg/kg of cyclohexanone
administered intravenously to anesthetized dogs caused death in 60 minutes. Accelerated

respiration, vasodepression, and hypotension were noted.5 2

c. Single Intraperitonea In ection.

I.ntraperitoneal injections of 0.5 m','mouse were reported by Fillipe, as cited in
Patty,5 2  to cause., excitation, paresis of hind quarters, marked hypothermia, and convulsions
followed by deatlh. One of the metabolic products found was adipic acid, presumably due to the
oxidation of cyclohexanone.

d. Skin Irritation.

No published data are available on :te effects of cyclohexanone on animal skin.

e. Skin Absorption.

Treon et at 63 determined the LDIQO by skin absorption in the rabbit to be 10.2 to
23.0 gm/kg. Tremors, narcosis, and hypothermia were reported prior to death. These effects are the
same as those reported for other routes of administration but the dose required is larger.5 2

f. Eye Irritation.

Cyclohexanone applied to rabbit eyes caused marked irritation and some corneal
damage. Therefore, liquid cyclohexanoie may be exvected to cause marked irritation and possibly
some transient corneal injury when in contact with the human eye. 55

g. Inhalation - Acute Exposures,

A C-hour cxposure of guinea pigs to 4000 ppm of cyclohexanone. as reported by
Specht and coworkers,64 c':esed typical narcotic symptoms: lacrimatiort, salivation, depression of
body temperature and respiratory heart rates, and opacity of the onea. Recovery from the
narcosis was slow. Patty 5 2 cited Smyth, who found that a 4-hour exposure of rats to 8000 ppin
resulted in anesthetic death but that a 4-houi exposure to 4000 ppm iaiused no deaths. When Gross
(cited by Patty' 21 exposed mice, gui,nea pigs, and cats to 3800 ppm of cycloecxanone, the Lagns
seen in the gEinea pig by Specht"64 were noted. No abnormalities were found in ýri. urine.

h. Inhalation - Repeated Exposurrs.

Patty5 ' r•ports thai monkeys and rabbits were expoed for fifty 6-houi pe~riods to 190
ppm with no d'etectable effects other than ve-y slight kidney and liver injury. At 309 ppm, slight
.ye irritation was seen; at 773 ppm, salivation and eyv irritation were noted; and at 3082 ppm, the
highest level used, light narco.,, labored breathing. incoordination, and a slightly increr-sed
mortality were sen. As in the single-dose oral studies. increased amounts of organic sulfate and
glucuronic acid were found in the urine of the rabbits.5 2

23
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4. Effects in Man.

a. Skin Effects.

Although no published data are available on the effects of cyclohexanone on human
skin, it is reasonable to assume that frequent, repeated, or prolonged contact may possibly cause
some irritation or dermatitis. This assumption is based on the fact that cyclohexanone is an
excellent fat solvent and could dissolve the skin lipids and other constituents of the dermis. This
hazard is considered to be of a low degree except for unusual situations where proper safety
practices are not followed. 5 2

b. Inhalation and Eye Effects.

Nelson and coworkers 5 9 exposed men to concentrations of 25, 50, and 75 ppm to
determine the tolerable level for prolonged exposures. They reported 50 ppm was definitely
objeciionaibc, and that 75 ppm caused pronounced eye, throat, and nose irritation. A level of 25
ppm was thought by i-.o-t volunteers to be the highest tolerable concentration for an 8-hour
exposure.

5. Summary.

The principal hazard to health in handling cyclohexanone is inhalation of the vapors.
However, because it is capable of defatting the skin, prolonged or frequently repeated skin contact
imay logically be expected to result in irritation ov dermatitis.

6. Hygienic Standard of Permissible Exposure.

A threshold limit value of 50 ppm has been recommended by the American Conferenceof" Governmental Hygienists. 60 This level sihould prevent narcosis but may be somewhat high, based

on the work of Nelson el al.59 If comfort is to be attained, the concentration of cyclohexanone in
the air tuay have to be naint•.ned below 50 ppm. 60

Ill. EXPERIMENTATION. STUDIES OF THE TOXICITY OF RDX AND HMX iN DMSOý
CYCLOIWEXANONE. AND ACETONE .OND)UCM-Ef)AT ELDGI WOQD ARSENAL.

A. litrnvenous Toxicity.

I. Mice.'

a. ProcedurIs

Ten percent (wt/vol) solution5 of RDX m DMSO and HMX in DMSO were prelpred at
room temperature and rijected into the caudal vein of" aOrgn mice.The mice, in groulp of six,
received 5. 10, 15, 20. 25, or 30 mglkg of RDX in DMSO, or 15, 25. 30, 35, or 50 mg/kg of WMX
in DMSO. All mice were obse•ved for 4 hr after injection and daily for 30 days.

' This part of tlc investig.ttwn was Conducted by Edmund 1. Oenm. Toximioa" Ljii-oa asnd MAI Dlwid G
FLirchdd, VC. Veterinazy Mdecizne Division.
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b). Reuls

(1) RI)X in l)MSO,

The LI)5O of RI)X it- l)MS() administered intravenous~ly to mice was 'rilculated to be
1 8.71 (1 5.oo2.2)tgk wiitedt nTbeV Deaths occurred within 5 to 10 minutes and
were preceded by mnild convulsions and laborcd breathing. The survivors displayed lethargy which

1-ecisisted for tip to 2 hr, all appeared normal in 24 hr.

Fajhle V. The ntravenow,~ Toxicity of RIJX in DMSO to Mice

Experimental Bliss Analysis

0o05C Motality Miortality Dose

Ingikj; iig/kg

5 ()/1 1 11. 0 (5.9- 2 0.4)

10 0/6 16 14.9 (10.7-20.8)

is 1/ 30 16.6(..-1)

210 4/6 so18.7(15.7-2 2.3)

25 5b84 23-5 (18.4-30.1)

30 b/6 99 31.9 (18.9-53.8)

Suons 01MSO Cor~ta;,inlng Cither 1(Y4 NIMX or RIIX .1rC of the &1111 o)rder of
to\Icity when atltun~stend mriyrvenoutily to the: mouse. It is cstimated that betwecin 10 ,tid 20 ill
otf either solution would Iv- requitd to) present a lethal lwz~rd to man it' accidrintal injec:tion

a. Pt cdunes

Se'lutioni of RI)X a~nd IINIX je,4ch 33%~ wt;-ol) -In l)NSO were prcparrd aad giv-en
Intr~avcexisli~y to -,tlulca pi%. two aninials per dose. Co'irrolk. two pcr- dosc, rvx~ez'cd 0.20, 0.23, ad

M)2 mlOt VPMSO alone-

* l~ni~I I Oc~ ~d I~.~- (. a'.rMd kth;
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5b oResults.

Death occurred within 5 min after injection of eitiher RDX or HMX solution. No signs
were noted in the guinea pigs that received DMSO alone. The LD50, based on the data in table VI is
25.1 mg/kg of RDX and 28.2 mg/kg of HMX.

Table VI. Intravenous Toxicity of Solutions of RDX and HMX in DMSO in Guinea Pigs

* Experimental LDSO by Bliss analysis

Compound Dose Mortality fraction (95% C.L.)

mg/kg mg/kg

RDX 15.8 0/2 25.1 (20.0 - 31.6)
20.0 0/2
25.1 .1/2
31.6 2/2

HMX 20.0 0/2 28.2 (20.0 - 39.8)
25.1 1/2
31.6 1/.
39.8 2/2

B. Cutaneous Effects.

1. Rabbits.*

a. Procedures.

(1) Single Dose.

The backs of rabbits were clipped free of hair; those animals with observable skin
abnormalities (abrasions, scratches, etc.) were not used. One milliliter of the following mixtures
(wt/vol) were applied to six rabbits per mixture: 33% RDX or HMX in DMSO; 75% in
cyclohexaaone; and 5.4% in acetone. The HMX formed a suspension in cyclohexanone and acetone.
Control animals, ir: groups of three, received l-ml applications of the solvents alone. After all
applications a polyethylene sleeve was taped to the back of each rabbit and left in place for 24 hr.
When the sleeve was removed, each rabbit's back was examined for skin irritation and any irritation
was graded according to FDA standards (table VII). The rabbits were observed daily for 30 days for
evidence of skin irritation arid systemic toxicity.

Blood samples were drawn from each rabbit and the following parameters were

analyzed: red blood cell count, white blood cell count, hematocrit, hemoglobin, alkaline

phosphatase, serum glutamic oxalacetic transamn'iase, blood urea nitrogen, creatinine, sodiumn,
potassium, chloride, and carbon dioxide.

* ThiLs part of the study was perforimed by Ronald K. BLikup :tnd Hubert L. Snodgrass, Toxicology Division.
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Table VI1. Gradations of Skin Effects (Draize Test)

Erythema

No erythema 0
Mild crythema I
Moderate erythema 2

Severe erythema 3
lErythema with edema 4

Necrosis

No necrotic tissue 0
Less than 5RY necrotic tissue I
50Yio to 100% necrotic tissue 2
I 00%Y¢, necrotic tissue with well-defined eschar formation 3

Dehydration and Desquarmation

No dehydration or desquamation 0
Mild defhydration or desquamation I
Moderate dehydration or desquamation 2
Severe dehydration or desquamation 3

Two rabbits from each dose group and one control rabbit from each solvent group
were sacrificed for pathological examination at I hr, 3 days, and 30 days.

(2) Repeated Doses.

The following .>olutions were pren•ared for repeated topical application to the clipped
back: of rabbits: RDX -. 33% in DMSO, 7.5% in cyclohexanone; and 5.4% in acetone;HMX - 33%
in DMS0: 2.5/, in cyclohexanone; and 2.0%o in acetone. The compounds were applied in dosts of

1.0 or 0.1 in! to six rabbits per mixture and volume; 5 days/week for 4 weeks. Control animals in
groups of tiree received applications of 1.0 or 0.1 ml of the solvents alone. All rabbits were
obsertvtd daily during the study for cutaneous or systemic effects. Skin iritation was graded as
shown in tAble VII. The cumulative doses arc "lsted in table VIII.

it,,od samples wetrc drnwn from each rabbit and the same blood conwtituents analyzed
as .itcd in the .ingle dow study.

"Two rabbits from each dose group and one control rabbit from each solvent group
were sacrificed for pathological examination at 7 days (2 days after the fifth dose). 14 days (2 days

atter the IOth dose), and 28 days (2 days after the 20th dose).

(3) Supplemental 1iests With ttMX (33' in DMSO).

One-milliliter doses of HMX (33A in DMSO) wfer applied topically to the clipped
backs of five sets of rabbits (two animals per wet) daily for 1, 2, 3, 4. or 5 days. They were observed
daily for 30 days for cutaneous and systemic effects.
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_ _b. Results.

(1) Single Dose.

Single doses of i.0 ml RDX and HMX and the different solvents and the solvents alone
produced no gross evidence of cutaneous irritation or systemic effects throughout the 30-day
observation period. No changes in blood constituents that could be attributed to either the solvents
or the dissolved explosives were noted. However, microscopic examination of the dosed areas
showed that RDX in all solvents caused dermatitis that persisted for as long as 30 days. The solvent
system causing the most pronounced effect was 33% RDX in DMS0. Dermatitis was not seen

* microscopically in any of the animals receiving doses of HMX solutions.

(2) Repeated Doses.

The repeated doses (daily 5 days/week for 4 weeks) of RDX in DMSO produced ao
gross evidence of cutaneous irritation throughout the 30-day observation period. Although no gross
effects could be seen, a death occurred after the eighth application of the 1.0 ml dose of RDX in
cyclohexanone ( 10th day of test), one death after the fifth application of the 0.1 ml dose of RDX
in aceton- (7th day), and another death after the 10th application of 1.0 ml dose of RDX in
acetone (13th day).

Repeated doses (daily 5 days/week for 4 weeks) of 0.1 ml HMX in DMSO, 0.1 and 1.0
ml HMX in cyclohexanone and acetone produced no gross evidence of cutaneous irritation or
systemic toxicity throughout the 30-day observation period. Of the solvents, only the i.0-ml dose of
cruade DMSO had any effect, and this was a slight desquamation. of the skin in the 2d week of
application.

Repeated doses of 1.0 ml HMX in DMSO produced a mild desquamation of skin at 7
days. Three deaths occurred, one after the second application (' days), one after the sixth
application (8 days), and the other after the 20th application (30 days).

(3) Supplemental Tests With HMX (33% in DMSO).

USigle and repeated doses of IiMX in DMSO produced no evidence of cutaneous
iriitalion. lhe two rabbits that received five applications appeared weak and dehydrated. Two
deathis occurred after two applications (2d Iaid 4th days), and one death after the fifth application
t8th day). All survivors appared normal upon grosi examination 30 days after dosing.

(4) Palthloloical Findings.

Lesions which could bI attributed to the compounds tested were confined to the site
of application. When skin was affected, it was often reddened or thickened and there was
•microscopic evidence of inflammation. The incidence of dermatitis, as noted by the pathologists on
necropsied anials, is shown in table IX. When minimal dermatitis occurred in animals that received
the mixtures, there was dermatitis of a similar degree in the corresponding solvent control animal,
with these exceptions. The animals treated with either 1, 10, or 20 I-ml doses of RDX in
DMSO consistenly had dermatitis at the time of necropsy while those receiving the same doses of
)DMSO alone did not. Two rabbits that received one I .0-mn dose of RDX in acetone and two that

received 20 0.1-ml doses of RDX in cyclohexanone had dermatitis and the solvent controls did not.
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There was no difference in test and control animals receiving HMX in DMSO. Two rabbits that
received five applicat.•ons of 0. 1 ml HMX in acetone and two that received five applications of 0. 1
ml HMX in cyclohexanone had dermatitis while the controls were normal.

No lesions were found in the livers, kidneys, spleens, lungs, tracheas, hearts, intestines,
bladders, muscles, bones, or bone marrows of the rabbits which died or were sacrificed following
repeated topical applications of RDX or HMX hi the three solvents, or the solvents alone. Gross
examination of eyes revealed no cataracts. (Eye effects are discussed further in paragraph VI of this
report.)

When presented for sacrifice and necropsy, three animals had signs of posterior leg
weakness or posterior leg paralysis (possibly attributed to broken backs). They had been treated
with ten !.0-ml doses of HMX (2.5% in cyclohexanone), ten 1.0-ml doses of HMX (33% in DMSO),
and five 1.0-ml doses of RDX (33% in DMSO), respectively.

c. Discussion.

The. most serious hazard incident to handling the test solutions appears to be that of
repeated skin contact with 33% HMX in DMSO (3 deaths), 5.4% RDX in acetone (2 deaths), and
7.5% in cyclonexanone (1 death). It is recommended, however, that workers avoid skin contact
with any of the solvents to avoid damage to the human skin that might not be readily predicted
from the response in rabbits.

2. Guinea Pigs.*

Solutions of RDX or HMX (33% wt/vol) were prepared and 316 to 1,000 mg/kg were
applied to the clipped backs of guinea pigs in groups of four animals per dose. Observations are
given in table X.

Table X. Effects of RDX and HMX Solutions in DMSO Applied to Backs of Guinea Pigs

Dose of Number of Observation (4 animals)

cxplorivj applications I RDX HMX

31 •!6 1 No effect No effect

Si 0 1 No effect No effect

1.000 1 SLight erythem& Slight erythema

2,000 1 Slight eryt, ma Slight crythema

1,000 3 Slight erythrma after Slight erythema after first
first application; later application; later applications
applications showed no showed no further erythema.
further crythema Skin spongy and absorbent after

each application. After 3rd dose,
apprehen-sion, loss of weight,
and loas of normal skin colorwere observed _ .. ...

Applications of 2 nil DMSO alone produced no effects.

* RonaWl K. Biskup and Hubert L. Snodvass, Toxicology Division, conducted this investigatiom
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C. Pharmnacology of RDX and HMX in Unancuthetized Dogs.*

I. Experimental Procedures.

Forty-five healthy beagle dogs, averaging I .4 kg, w'ere used in a study to define the
eflects of RDX and HMX in various vehicles upon physiologic parameters, especially the central
nervous system, of unanesthetized dogi after acute and c'lronic percutaneous application. In
addition, a limited study of the toxic signs and the mechanism of actkin of these explosives after
intravenous administration was conducted.

a. •Suic Preparation.

About 2 weeks before testing, electrodes were implanted under pentobarbital
aunsthesia into the skull of each dog above the cortical area for recording electroencephalograms
(EEG). A longitudinal incision about 2-1/2 in. long was made across the scalp exposing the muscles,
which were retracted over an area of the skull approximately 2 in. square. A limited amount of
cauterizaiion was uscd to retract the muscle and control bleeding. The exposed area of the skull was
then scaped clean.

Two types of electrodes were used during the test series. The first consisted of a
5/8-inch-long nylon bolt with an 18-gage stainless steel core. The second wis a round nylon plug
4 112 inch diameter) through which four silver-platinum wires were passed anc e..tended underneath
bfr about 1/4 to 1/2 inch.

To implant the first type of electrode, four holes were drilled tnrough the skull to the
dura. The holes were lateral to the midline, two being posterior to the external frontal crest and two
in the central parietal area (figure A-I in the appendix). The holes were then threaded and the
electrodes were screwed in (two to three turns) and cemented in place with epoxy or acrylic. After
the cement hardened, the skin and subcutaneous tissue were sutured back together and holes were
cut into the skin so that the electrodes could be passed through.

To implant the second type of electrode, four small holes (0.04 in.), slightly larger than
the diameter of the wire, were drilled into tihe skull in the same area as those for the first type of

ctode. The wires and nylon plug were cemented in place and allowed to dry. The skin and
subcutaneous tissue were pulled back firmly around the plug and sutured; the skin that bulged up
afound the electrode was excised.

The second type of electrode was found to be more dvr'.ble for long term studies
tbecau, time first type was more liable to be loosened when the dogs were in the holding cages. Both
types recorded equally well.

Because of the length of the study (approximately 6 months), precautions had to be
taken to prevent sickness or death from infection. Each animal was maintained on antibiotic
incrapy (Duracillin or Bicillin) for about 10 days after surgery and put back on therapy if any
refection occurred during the holding time. The implant area was cleansed daily for 2 weeks with
.9b hydrogen peroxide, and any niecrotic tizue was swabbed away. In addition, some dogs had to be
nmaintained on hydrocortisone inijections for several days after the operative procedure to control

inflamation and swelling.

Tbhi investig•ion wAs conducted by Henry P. Cuchta, Pb. D., and SP4 J. Denny. Toxicology Division.
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The administration of peutobarbitai (Nembutal), 30 mg/kg; iv, to dogs for surgical
implantation or LEG electrodes produced typical changes in the wave pattern. Figure A-1 shows a
representative tracing from a dog under the influence of the barbiturate compared to a tracing from
the alert or mianesthctized animal (typical of all dogs prior to exposure).

b. Restraint.

Dogs used for the Subacute percutaneous study were restrained in a stall-type holder
consisting of two movable sheets of 1/4-in. pegboa d ( 12 X 36 in.). Each animal was placed between

* - two sheets and the pegboard was adjusted to lit snugly against the dog's flanks. Rods were then
inserted mtrough the holes to keep the dog in any desired position. Most of the dogs were relaxed
and not bothered by this type of restraint.

"c. Monitoring of Physiologic Parameters.

fBlood pressure was measured by means of a catheter inserted into the femoral artery
and attached to a Statham pressure transducer and carrier preamplifier. Electrocardiogram (EKG)
and heart and respiratory rates were recorded from needle electrodes placed in either side of the

criest wall, taped, and attached to an impedance pneumograph preamplifier and then to a cardiac
preamplifii'. The EEG was monitored by the implanted electrodes which were connected to a
switch box and tlhn to high gain preamplifiers. All the physiologic preamplifiers were then coupled
to a six-channel E&M Physiograph Recorder or, in some instances, to a Sanborn 350 system. As
,depicted in figure A-I, a total of six EEG leads could be monitored, two at a time, by adjustment of
tfie switch box. Leads I and 11 were used primarily for prolonged recording while Leads II through
VI monitored other areas to detemfine whether similar activity was being shown at those points,
i.e., if epileptiform discharges occurring in the frontal-parietal area were also occurring in the frontal
or o-cipital areas, tc.

d. Tests Employed.

Dogs with implanted electrodes were given an ultrashort-acting barbiturate (Surital) on
Ow 1ittorning of we experiment to permit placement of the catheter in the femoral artery. The
,iiimnals recove-ed within 30 to AO nwiwues and were then placed in the restrainers. Physiologic
pd~aimeteis t(EEG, EKG, blood pressure. respiration, and heart rate) were monitored in order to

Ses•ualisil control walues. These same parameters were then assessed after a battery of 10 tests were
pihý,ented to each animal to assure furvier tnat the animal's physiologic responses were normal prior
to aly exposure. These tests were as foliow:

(I) Auditory.. The normal responses of the animal to noise were
x..med. The %iitilulus was generated by a bone audiophone (Sonotone Audiometer) placed near the
car ol Utie dog wito a frequency setting of 250 cps followed by 750 cps.

(2) Visual. A beam of light was passed in a vertical and then a
ihoizontal line across the dog's field of vision.

(3) Pain. A pair af electrodes was placed against the inner aspect of a

int m2tened ear and a Grass stimulator was set to discharge 25-volt shocks lasting 7.5 msec with a
- .2-nwhec interval between :hocks. The stimuli were repeated until the animal's head jerked or the car

twiwciid.
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(4) e. The eyelid was touched with a modified Von Frey hair
(stainles• steel 27-gage needle cleaner with a blunted end) until a blink occi, -red.

(5) Corneal. The center of the cornea was touched with the same wire
until blinking occurred.

(6) Nasal. An ammonium hydroxide-inipregnated cotton swab was
pasNed under the nose for I to 2 seconds.

(7) Pupillary (Light). The size of the pupil was measured before and
A ter a light (,-v, 5-amp bulb) was shone in the eye.

(8) Strol(ng. A metal bar was passed across the animal's skin on the
".bac, or neck, and neural response was noted.

(9) Light. A 6-v, 6-amp bulb was flashed for I second in front of the
uuigs ve es, and CNS response was noted.

(10) Vibratory (Rap). The restrainer holding the dog was rapped or tlit
will a metal object, and neural response was noted.

The responses to all these stimuli were recorded on the physiograph and are illustrated
in figures A-2 to A-6 in Appendix A.

2. Exposu .Ss

RDX and HMX were prepared in DMSO, acetone, and cyclohexanone but the
concentrations were not all the same because of differences in solubility. The dogs were exposed
cither by topical application or intravenous injection (table XI).

The vehicles alone were administered topically in volumes oi I ml and injected
iintavenously (0.125 ml/kg) into several dogs to assess activity.

The topical exposures were made by dropping I ml of ROX and HMX solutions onto
tiic clipped backs of dogs. The animals were clipped weekly during the study.

Intravenous injections were given to two dogs through an indwelling cathetc|i in the
tfemoral vein. All other injections were made directly into the cephalic vein. Table Xl shows how
nmany dogs were exposed to each compound and to each vehicle alone.

The acute studies consisted of applying the test compounds to the dorsal area only
once and recording blood pressure, respiratory and heart rates, EKG, and EEG at exposure time.
The same parameters, except for blood prcssure, were monitored weekly foc the next 4 weeks.
Bslood pressure was recorded during the fourth week. The subacute studies were similar to the acute
with the exception that the test compounds were applied daily 5 days per wcek for 4 %eeks.
Massive chronic exposures were an afterthought and entailed the percutaneous application of RDX
and IIMX in DMSO to two dogs each. The animals were exposed to 480 mg/kg daily for 3
consecutive days. The animals' EEG's, respiratory and heart rates, and EKG's were recorded at the

i time of each adinrinistratoii and at I week. The dogs were also observed grossly for any
hyperreflexia. The intravenous studies were conducted primarily to deterwrine potency and type,
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pharmacologic activity. The dogs that were exposed by the iv route were observed subjectively for
signs and symptoms such as twitching, convulsions, labored respiration, heart rate, salivation,
lacrimation, cyanosis, prostration, and death.

If any of the animals in any phase exhibited subconvulsive jerking, twitching, etc., they
were observed in the holding area after experimentation and were monitored periodically for
hyperreflexia.

a. Topical Application.

(i) Acute.

Table B-I in appendix B shows the values obtained for blood pressure and heart and
respiratory rates, before and after acute exposure, over the 4-week period. No consistent increase or
decrease in any of the physiologic parameters was noted, and the high values for respiratory rate
observed in some dogs reflected panting due to changes in the ambient temperature. Tables B-1I and
B-Ill depict trends in responses to test stimuli before and after acute exposure. The predominant
responses were variations in respiratory and heart rates. No consistent enhancement or blockade of
arty ot the responses monitored was noted. It also should be mentioned that all animals in this phase
of the study showed a normal response to the lid, corneal, and visual tests before and after
exposure. Responses to these tests were not tabulated.

(2) Subacute.

Table B-IV shows the values for blood pressure, heart rate, respiratory rate during the
control-recording and the four subsequent weeks. No appreciable or consistent changes were
observed at any time. Tables B-V and B-VI depict the trends in responses to the test stimuli before
and after exposure. All animals in this phase also gave a normal response to the lid, corneal, anO
visual tests at all times. No blockade or enhancement of any physiologic response to a test stimulus
was noted during the period. During the second or third week of application of DMSO alone or il
k;.,,mbination with RDX and HMX some dogs exhibited slight erytherra and desquamnation of the

(3) Masive Chronic.

T(e. administration of 480 mg/kg of RDX and HMX in DMSO to four dogs (two with
$cach test compot.,d) for 3 consecutive days produced no consistent gross noticeable changes in the
animals. Although "ie of the beagles receiving RDX-DMSO appeared to be slightly more irritable
and hyperactive for 2: to 30 minutes after the application of the first and second doses, no
disturbances were noted in t(ie E'EG. Animals were held for 2 weeks after exposure a.ind aippeatred
normal.

Sb. Intiavenou,..

To assess the type of activity thai RDX, HMX, and the vehicles possessed once the
compounds entered the ci-culation, a number of dogs were given the test compounds intravenously.
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(1) Vehicle Controls.
.Pt

"Four experiments were conducted with I-ml injections of DMSO. Two dogs showed
no apparent changes in any parameters while two dogs demonstrated appreciable decreases ir, blood
pressure (25 to• 5 mm Hg), but only for 5 to 10 sec. Compensatory tachycardia occurred with the
hypotension. Recovery was prompt (figure A-7). Four experiments conducted with 1-mi injections
of acetone demonstrated decreases in blood pressure ra:ging from 10 to 50 mm Hg and being 5 to
60 sec in duration. Bradycardia, followed by tachycardia, was observed in 3/4 animals. A typical
response to acetone is shown in figure A-8. The administration of I ml of cyclohexanone to three
dogs produced a marked and immediate cardiovascular collapse with cardiac arrest lasting
approximately 10 sec. Respiration was inhibited and pulse pressure became narrow during this

r phase. Figures A-9 to A-I ! demonstrate these effects. Note the high-voltage, low-frequency activity
, of the EEG both at the 5-eec and 5-min intervals postinjection. Animals during this phase were

comatose or semicomatose 'nd had a dulled pain response, Recovery occurred 20 to 120 nin after
injection.

(2) RDX-DMSO (40 mg/kg).

Two dogs given this dose expired within 45 min and 90 min. Figure A-12 shows a
typical response to RDX-DMSO at this dose. Within 15 to 30 sec animals demonstrated
subconvulsive jerking, twitching, and convulsions. The seizures were cyclic and the latter phase of
the experiment was marked by hiadequate respiratory movements, decreased blood pressure, and a
flat line on the EEG.

(3) RDX-DMSO (20 mg/kg).

Two dogs were given this dose. One animal demonstrated CNS hyperactivity within 15
sec after injection and exhibited hyperreflexia for at least I hr. Other parameters were not affected
appreciably. The other dog convulsed within 90 sec after the injection and did not recover until 16
hr later (figure A-I 3).

(4) RDX-Acetonc (3.37 and 6.78 ing!kg).

One dog was given the smaller dose and three the larger. The parameters monitored
were generally unaffected except for decreased blood pressure and erratic EEG disturbances. All
animals appeared nornal after removal from the restrainer.

(5) RDX-Cyclohexanone (4.7 and 9.4 ing/kg).

One animal was tested with each dose and in both cases the effect- were similkr:
marked decrease in blood pressure, cardiac arrest, and respiratory inhibition occurring in the
presence of high-voltage, low-frequency FEG dhcharges. Animals were ,niicomato-e to comiatose,

eyes were dilated and the pain threshold was elevated.

(6) HNIX-DMSO (40 mg/kg).

Six dogs were given HMX-DMSO. Four were given a single dow of 410 mgikg while two
others received the .ame amount in two separate and equal doses. The single dose pto~duced a severe
cardiovascular collapse in all four animals. This occurred concurrently with a narrow ptlse pressure,
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bradycardia, and respiratory alterations (figure A-14). The EEG was characterized by high-voltage,
low-frequency discharges. Two of the four animals died at I and 3 min, while two others survived
the circulatory collapse. Vomiting was observed prior to their removal from the restrainer, BothI i expired in approximately 14± 2 hr.

Two animal-; receiving two separate doses of 20 mg/kg each exhibited a severe
cardiovascular depression and one animal died in I mrin. The other dog recovered from the
cardiovascular embarrassment but demonstrated EEG hyperaciivity, vomiting, and extreme
sensitivity to light and stroke stimuli at I to 2 hr alter injection. The animal died in 14± 3 hr (figures
A-15 to A-19).

(7) HMX-DMSO (20 mg/kg).

Two dogs were given a 20-mg/kg dose. In one animal (figures A-20 to A-22) there were
minimal changes, although at 15 min the animal vomited. The dog then stabilized for 2 hr, at which
time hyperreflexia to vibratory and light stimuli occurred. Visual perception and lid and corneal
reflexes were normal. At 5-hr postinjection the dog became extremely hyperactive and had
convulsive seizures. Recovery did not occur until 5 days after exposure.

In order to observe the toxic signs of HMX-DMSO without the influence of tiWe restrainer,
a 20 mg/kg dose of the compound was given to a second dog which wa, unrestrained and unoperated
upon. The HMX-DMSO was injected in a -'olume of 0.6 ml into the cephalic vein of a 10-kg dog at
10:30 am. At 10:32 the animal became hyperpneic and retched. Defecation and Saiivation were
observed at 10:37 am. At 10:47 am the dog became cyanotic; heart rate was 60 and respiratory ra:e
was 120. At this point the animal wasstill standing although its pu!sc was becoming faint. At 10:53 am
the dog was prostrate but capable of getting up. At 11 :14 am the heart rate was 72 and respiratory race
wa,,s 120. For a short period of time the eyes reflected increased circulation and thz pulse was getting
stronger. At 11:20 am the dog was cyanotic again. Retching occurred at 11:56 am and again at
12:22 pri. At 1:40 pm breathing became labored. At 1:41 pm there was an onset of subconvulsive
jerking, especially in response to the auditory stimulus. Clonic-tonic convulsions occurred at 1:4-
pm and again at 2:01 pm. Opisthotonus was noted at 2:.-2 pm. At 3:00 pm the animal wzs
:onvulnirng. The dog sat up at 3:20 pm but hyperreflexia was pronounced. Convulsions oc-curred
again at 4:07 pmo. The animal was prostrate at 4:45 pm and died between 10:00 pm and 3:00 am.

(8) HMX-Actonc (2.5 mg/kg of 2N and 6.75 mg/kg of 5.4.j).

The administration of the lhsser dose to a dog produced transient hypotension. The
EEG demonstrated a sleep-like wave pattern during the 12- to 4Onnin postinjection period, Hut the
animal could be aroused easily. No irregulantzc: were noted the follo•.ing day. The larger d,'..
productd a blood premsure decrease along with high- lh:.ý, low-fqttcncy 'EG discharges. Upon
removal from the restrainer the apimals were lethargic. but aii a d norma the next day.

One dog was give, 6.75 mg/kg (5.4%) HIX-acetone after receiving a prior injcction of
2.5 mlJkg of the 2% solution. The .econd dose produced a drop in blood pressure, cardiac arrest.
and a depressed respiratory rate. The EEG was not advermly affected. At %arious intervals the dog
vomited and periodically fcll asleep but could be- aroused (figures A-23 to A-27). The animal
appeared nonnal the next day.
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(9) 1 IM X-Cyclohexanone (1 .55 and 3.1 mig/kg).

One dlog was used for each dlose. Bioth demonstrated c;ardiovascular collapse. onset ot a
comialike state. and elevation ol* the pain threshold. The animial receiving the larger (lose retched.
had tremiors, adfl vomnited. No ,:onvulsive seizurers were noted. Both dogs recovered comiplctely in 2
(o 3 days.

3. lDiscnssion.

The absence of con~istcnt changes in blood pressure, heart rate, respiratory rate, E~KG,
and EFlG over a 4-week period ifter topical application of RDX 'iuid I-MX in thle vehicle indicates
that the mixtures do not penetrate the skin at the doses and concentrations tested in the acute and
subacute experiments. This is supported by the fact that intravenous administrationi of these
materials causes changes in the physiologic parameters.

One of' the two dogs receiving the massive dose of RDX-DMSO appeared to
demionstrate slight hyperexcitability approximately I5 to 30 inm after the second and third
application of the compound. Since these paiflicular animals were hield for so long, they even
appeared anxious in the control phiase and a more involved study would have to be conducted for
Substantial evaluation.

The majority of the intravenous studies were conducted with RDX and UM(X in
DMSO. Although iv injections of the agents in acetone and cyclohexanone were also evaluated, it
was found that thicse vehicles !heimselves, (figures A-8 to A-I I) exerted a depressant ac-tion on the
cardiovascular systemi, and cyclohexanone induced charges in the EEG pattern. Animals expo~sed to
cyclohexanone also demionstratedc a semniconlatose to comatose condition in) some in~stances.
RDX-acetone did cause some EEG disturbances, but these were not well defined. Further difficulty
was encountered because the concentrations of thec active agents in these vehicleswscnieal
less in PMSO- DMS() itself was shown (figure A-7) to producle reltinvely little effect when
admninistered intrivenously, and no gross complications were observed during a holding period of.
weeks,

It is evident from thesw siudies that the tmniccdia;e effccts of RlPA and HMX diffler,
1(DX '~focllag~ the CNS immediately after injection and MIX producing a circulator-y collapse
initially, with delaycd (1N6 disturbances5.

Our RI)\ studies srem to bevar out Swnderinwi's work"'~ which sutggrstcd that RI)X
itself and not a breakdown prtoduct wsresponsible for the (7NS effects. lie demitonstraied a rapid

onset of symptom-5 after 1ii :JprIVI.&'i, 1 And iv in~ctlions. and wec experiencet! nilar rrsult% %% ith is

adlmmiinstation. Vorý (?-, ttinqC11 3 ad Prev-iously o."trz that an aniine may he dcgr-ided and causc
('NS ihsturtimn-crs because it ts knowný that certain aliphatic: amames may Cause a toxicolagic rrewoose
similar to those that hie obscrved with continuedj IUX (eedingi.

Von Octtingvn's studies hzve also indicated that oral feedings of RI)X to dogs (Il(Y--
acacia mixture) produc-ed qucst ionabic. or no piiystiolog-mal effects when the dose ingest-ed was 5 to
1 5 nig. fowever, those dogs were In-etreated with amytal and undfu-tbledly lv th~ Iirturate
influcences the responst to any compound thit may h-ave a CNS effcct. In Odditcen. the (lo-, buildup
in the stomach was not comnparabic to nor .-v doe. Sundeminan 6 has shown that CNS d-,,uttbancc5
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can be abolished by decerebration or administration of Nembutal, thereby indicating a CNS
involvement at a higher level.

RDX feedings, accarding to Von Oettingen3  and Sunderman,66 produced no
pathologic changes in the brain, although nonspecific lesions were obsen'ed in the renal tubules, the
liver, and the heart muscle. Slanskaya and Pozharsky, 5 however, observed pathologic changes in
various organs as well as the CNS after acute and chronic feedings. In acute cases the CNS vascular
supply appeared to be impaired because of changes in the vessel walls. Nerve cell degeneration was
also observed. The areas most affected in descending order were: spinal cord, brain stem, and
cortex.

From the pharmacologic activity of HMX in these limited iv studies, one could assume
that this agent is more of a "nitritelike" compound, unlike RDX. Nitrites, however, are known to
produce metherooglobinenia, which may induce respiratory embarrassment and, in conjunction

* with a collapsed circulation, may bring about convulsive seizures. However, we did not observe the
typical chocolate-colored blood indicative of methemoglobin in a small sampling of dogs.

At this point several possibilities might explain HMX activity:

1. HMX produces a nitritelike effect on the cardiovascular system; if
respiration and circulation are severly impaired and methemoglobin is formed, CNS disturbances
result;

2. Because of some inherent chemical property, it takes longer for HMX to
exert CNS effects than it does for RDX;

3. HMX produces a circulatory effecti initially, followed by recovery and then
CNJ effects because of some specific action of the agent which may be dependent upon some
time-consuming metabolic pat.,way.

One hus to bear in mind that CNS disturbances were still apparent in some of our
HMX-poisoned dogs even after their blood pressure and respiration recovered to what one would
think were adequate levels.

In order to be more definitive in the evaluation of HMX, pharmacologic activity studies
stiould be conducttd in enough animals to assess the cardiovascular, respiratory, and hematologic
pictures during various stages of response.

4. Conclusions

There was no evidence that either explosive agent (RDX or HMX) had any physiologic
effect upon the dog when acute and subacute exposures were made topically. The intravenous
administration of RDX, depending on the dose administered, produced CNS hyperactivity, tremors,
,:onvulsions, and death. HMX, un the other hand, inirtialiy produced cardiovascular collapse, which
in some cases led to immediate death or, depending on the dose, to recovery and eventually to CNS
disturbances.
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D. Sensitization Potential of RDX and HMX.*

I. Procedures.

Sensitization studies of RDX and ttMX in acetone, cyclohexanone, and DMSO were
conducted using the experimental methods of Landsteiner 6 7 7 1 and others who followed ids classic
procedures. Sensitization effects were evaluated using the Draize test as recommended by the US
Department of Agriculture, Food and Drug Administration (table VII, page 27). Young adult guinea
pigs of both sexes were exposed to the test compounds by topical application to the skin and by
intradermal injection.

For each topical application, 0.5 ml of test compound was applied. Acetone and
cyclohexanone solutions were applied as free-falling drops dispensed (through a 20-gage needle)
from a 2.5-ml hypodermic syringe. DMSO, pure and technical grade, was dispensed in the same way
but it wz-s necessary to spread it out with a sterile, cotton-tipped applicator because the material
was quite viscous and tended to bead on the skin surface. All animals were clipped several hours
before exposure to encourage maximal skin penetration. The skin was not covered after exposure in
order to simulate the conditions of a "spill exposure."

For intradermal injection, 0.05-ml volumes of test solution were given with a 0.5-ml

hypodermic syringe attached to a 26-gage needle. Each exposure site was clipped several hours
before administration and sterilized wuith ethyl alcohol immediately before injection.

These sensitization studies were divided into three areas: the senzitizing phase; the rest
phase; and the challeitge phase.

During the sensitizing phase the guinea pigs were exposed to the test compounds 3
days per week for 3 weeks. Either topical or intradermal doses were applied to the clipped dorsal
thorax and observations for skin effects at the site of the exposure as well as for systemic toxicity
were made daily.

During the rest phase (2 weeks) no compounds were administered and the animals were
observed daily. Concurrent with this phase, experiments were conducted to determine the
maximum suberythemal dose to use during the challer.ge phase. Serial dilutions of the sensitizing
stock solution were made in saline os polyethylene glycol (PEG 200) and injected into a group of
naive guinea pigs until the dose was found that caused no skin effects. In this study of RDX and
HMX, consideraole time and effort were devoted to obtaining this subeffective dose because of the
activity of the solvent used.

In the challenge phase, the clipped thighs of the animals were exposed intradennally
and topically to single doses of test material at the predetermined maximum subeffective level.
Although one route per animal was used in the sensitization phase, either intraderinal or topical,
both routes were used to challenge, one on each thigh at different times. The animals were observed
daily for 3 days after dosing for signs of skin effects at the application site. The challenge doses of
RDX and HNMX were prepared in 1: 1 (v/v) solvent-saline mixtures (intradermal) and PEG (topical).
Using the nonirritating PFG eliminated the need for excessive dilution allowing substantial amounts

John V. Ca4abuln. Toxko4",y Division. pedfotmod the "ntujaiion mwv•-,.tja.
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of the compounds to be applied. The erythematous effects of undiluted cyclohexanone and DMSO
were also eliminated and the contact persistency of the challenge material was increased. Some

animals were also exposed to diluted (intradermal) and undiluted (percutaneous) doses of the three
solvents alone and then challenged.

2. Results.

Initial experiments for sensitization with topical HMX in DMSO were conducted using
0.5 ml of 33% HMX/DMSO solutions. Deaths occurred after the first and second sensitization
exposure (5/12 animals). Two animals showed signs of hyperirritability and intermittent
convulsions within 24 to 48 hours after one or two exposures. One of these animals died within 24
to 48 hours after the first treatment; the other survived and received all of the scheduled exposures.
The other deaths occurred overnight and toxic signs were not observed. These deaths were
apparently due to HMX poisoning since other animals receiving DMSO alone showed no toxic signs
and did not die.

When the topical sensitizing doses were reduced to the following, none of the animals
died during the sensitizing period:

2% HMX in acetone

2.5% HMX in cyclohexanone

3.3% HMX in pure and technical grade DMSO

I 00%o acetone, cyclohexanone, and DMSO

5.4% RDX in acetone

7.5% RDX in cyclohexanone

33% RDX in pure and technical grade DMSO

Because the solvents used are known skin irritants, the animals were carefully observed
throughout the sensitization period for skin effects. The differences in skin effects between RDX-
and HMX-solveat mixtures and the effects from the solvents alone were evaluated. The results are
shown in table Xli and XIII.

It was readily sen that acetonc, with or without RDX or HMX, cause no skin effects. This
probably is related to its high volatility. Significant skin effects occurred in animals receiving repeated
tupical exposure to cyclohexanone or I)MSO, with and without RDX or HMX. Most animals had
significant skin effects from DMSO by the end of the first week. Similar effects were not seen in most
animals until the end of the second week of application of cyclohexanone. The intensity ofeffects of
both solvents were generally increased by the end of the third week. Although not shown in the tables,
thewe effects, with or without RDX and HMX, diminish when treatment is stopped. Visual inspection
of the emzposure sites showed absence of effects 18 to 24 days after the final treatment.

No significant differences between the skin effects caused by the two solvents alone

and those caused by RDX- and HMX-mixtures were evident. It is apparent, therefore, that DMSO
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Table Xli. Residual Skin Effects Caused by the Repeated Topical Application
of 0.5 n-l RDX and/or Several Solvents on the Backs of Clipped

Guinea Pigs (Sensitization Period)

Fraction of group showing residual topical skin effectsa

Treatment Cumulative number of treatments-

1 2 3 4 5 6 7 8 9

27 Mg of RDX in 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6
acetone
(5.4% RDX)

37.5 Mg 3f RDX in 0/6 0/6 0/6 1/6s 1/6s 1/6 se 2/6s 1/6s 5/6S
cyclohe/.anone 1/6S 2/6S 2/6s 4/6S 1/6 Sc
(7.5% RDX) 1/6 Sc 4/6 Sc 1/65c -

165 Mg of RDX in 0/6 0/6 J/6s 3/6S 2/6S 1/6s 4/6S 1/6s 1/6s
pureDMSO 4/6S 2/6S 4/6S 4/6S 1/6 e 3/6S 2/6S
(33.0%RDX) 1- /69c 1/6_ 1I/0S 3/6S

1/6 Se

165 Mg of RDX in 3/6S 3/6S 2/6S 3/6S 1/6S 1/6Se 1/6Se 2/6S 2/6S
tech grade DMSO 3/6S 1/6 Se 1/6 Se 1/6S 1/6 S 4/6 Sc 4/6S
(33.0% RDX) 2/6 Sc 1/6S 4/6 c 4/6

2/6

Acetone 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6

Cyclohexanone 0/6 0/6 0/6 1/6 e 1/6 e 4/6 s 3/6 S 4/6 S 2/6 S
1/6se 1/6Se 1/6S 4/65c

1/6 sc

Pure grade 3/6S 6/6S 2/6 S 2/6S 3/6S 1/6s 4/6S 1/6s 1/6s
DMSO 3/6S 2/6Se 2/6Se 2/6S l/6§e l/6Se 4/6S

1/6SE 2/6Se 1/6SKc 1/6 c 1/6S
1/6 Sc

Tech grade 1/6S 4/6S 6/6S 3/6S 3/6S 1/6S 1/6S 1/6S 2/6 s
DMSO 3/6Se 2/6Se 2/6Se 2/6S 4/6S 4/6S

l/6S 1/6Se 1/6Se 1/6 c
1/6 Sc 1/6Se

S116 Sc
P1 Based on ob6ervations made 48 to 72 hr after each treatment.

bercutancous treatments were given 3 times per ecek over a 19.dlay period,
CyclohecX2anonC and both types of DNISO. with and without RDX, had immediate effects after a single application.
Mild erythema was observed in all an~mals exposed to cyctohexanone and lasted from I to 6 hra. Both types of DMSO
induced a moderate crvthcna which subsided to a mild e-ythesna by 6 hr and was usually abaent at 24 hb.

LEGEND: s: Slight scaling of the skin.

S: Moderate scaling of the skin.
S: Heavy scaling of skin,

" Moderate scaling of skin with mild erythema.
SE: Moderate waling of skin with moderate erythemta.
Sc: Moderate sc"ing of skin with cracking.
Sc: Heavy wcting o" skin with cracking.
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Table XiiI. Residual Skin Effects Caused by the Topical Application
of 0.5 nl HMX and/or Several Solvents on the Backs of Clipped

Guinea Pigs (Sensitization Period)

Fraction of group showing residual topical skin effects-V

Treatment Cumulative number of treatmentsbl

1 2 3 4 5 6 7 8 9

10 Mg HMX in 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6
acetone
(2% HMX)

12.5 Mg HMX in 0/6 0/6 0/6 0/6 0/6 4/6S 6/6S 5/6S 2/6S
cyclohexanone 1/6 Se 4/6 Sc
(2.5% HMx)

16.5MgHMXin 0/6 3/6S 2/6S 5/6S 6/6S 5/6S 3/6S 2/6S 2/6s
pure grade DMSO 1/6 Se 2/6 Sc 2/6 SC 2/6 S
(3.3% HMX) 1/6_Sc

165 Mg HMX in 0/5V- 0/4 0/4 1/4S 3/4S 4/4S 4/4S 1/4S 3/4S
pure grade DMSO 3/4 Sc
(33% HMX)

16.5 Mg HMX in 0/6 2/6S 1/6S 6/6S 6/6S 6/6S 5/6S 5/6S 3/6s
tech grade DMSO 1/6 Sc 1/6 Sc
(3.3% HMX)

165 Mg HMX in 0/ 30J 0/3 0/3 2/3S 213S 2/3S 3/3S 3/3S 3/3s
tach grade DMSO
(33% HMX)

Acetone 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6

Cyclohoxanone 0/6 0/6 0/6 0/6 0/6 5/6 S 6/6 S 6/6 ' 2/6 S
4/6 Sc

Pure grade 0/6 0/6 1/6S 2/6S 3/6S 6/6S 5/6S 5/6S 2/6s
DMSO 1/6 Sc 3/6S

Tech grade 0/6 0/6 1/6S 3/6S 5/6S 5/6S 6/6S 5/6S 3/6s
DMSO 1/6 Sc 2/6S

V Based on obsetvations madc 48 to 72 hr after the second treatment. Cydlohexanone and both types of DMSO, with and
without HMX, had immediate effects after a singe application. Mild erythema was obse&ed in 40l animals exposed to
cyclohoxanom and lasted from I to 6 hr. Both types of DMSO Induced a moderate erythema which subsided to a mild
arythema by 6 Mr and was usually absent at 24 hr.

b J Nncutaueous treatmcnts were given 3 times per week over a 19-day period.

cJ One animal died within 24 to 48 hr after the firt treatment and a socond salmal died witina 24 to 48 hr after the

* swcond treatmaet.

Three animals died Mthin 24 to 48 hr after the frst treatmeat.
SLEGEND: s: Slight sctliag of the *Iu,
.* .•. S: Moderate ".alins of th skin,

S: Heavy waling of the skin.
'7 So: Moderate scaling of the Akn.wilh wild erythoora.
*ii' SE: Moderate waling of the "ki with moe•rate esytyemsa.

Sc: Moderate scal,"i of the AO with cracking.
Sc : Heavy scalisn of the skin with cracking.
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and cyclohexanone produce skin irritation when administered topically and that RDX and HMX
make little or no contribution.

Similar evaluations were made of the effects caused by RDX- and HMX-solvent
mixtures and the solvents alone when these materials were administered intradermally (table XIV).
As would be expected, the severity of skin effects was much greater after intradermal injection than
after topical application. All solvents caused moderate to severe erythema, edema, and necrosis
during the coure of repeated intradermal exposures. Just as in the topical exposures, RDX and
HMX apparently contributed little to these effects. The results shown in table XIV indicate that
cyclohexanon'e caused the most severe effects, acetone the intermediate, and DMSO the least severe
effects. All three solvents are considered unsafe for intradermal injection at the concentrations used
in this study.

Tables XV and XVI show the work done to determine suberythemal doses for topical
and intradermal challenges with RDX-solvent mixtures. Tables XVII and XVIII show similar
determinations for HMX-solvent mixtures by both routes.

The suberythemal doses for RDX in acetone and in DMSO for intradermal challenge
were 1:32 and 1:16, respectively, saline dilutions of the stock solution used in the sensitization
phase. For the RDX-cyclohexanone mixture, it was a 1:64 dilution. The intradermal suberythemal
dose of HMX in acetone and DMSO was 1:16 and 1:32, respectively, saline dilution and for
cy,: ohexanone, a 1:64 saline dilution. For reasons previously explained, the diluent used for
det-rmination of a suberythemal dose for percutaneous challenge was PEG 200. The suberythemal
dose for both HMX and RDX was found to be a 1:: 10 dilution of the stock solution.

As stated in the procedure, 10 distinct sensitization potential studies were completed
with challenges by the suberythemal dose; four with RDX-solvent mixtures, four with HMX-solvent
mixtures, and two with the solvents alone. The various combinations are listed below along with the
tables in the appendix that show the results.

Routes of Administration
Compound Sensitization Challenge Table no.

"RDX lntradermal Topical B-VII
lntradernmil Intradermal B-VIII
Topical Topical B-I X
Topical Intradermal B-X

HMX Intradermal Topical B-Xl
Intradermal Intradermal B-XII
Topical Topical B-Xlli
Topical Intradnrmal B-XIV

Solvents Intradermial Topical B-XV
Intradermal Intradermal B-XVI

No evidence of sensitizatioo was found from any of the combinations of exposures to
RDXsolvents, HMX-solvents, or the solvents alone.
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Table XV. The Determination of a Subcrythemal Dose of Intradermally Administered
RDX in Acetone, Cyclohexanone, and Technical Grade DMSO

in Clipped Guinea Pip

Skin effectsa

Dilution RDX:Acetone- RDX:.yclohexancneb. RDX:DMSO (Tech Grade)bh
of No. of L Observation time 'No. of Observation time No. of Observation time

stock Animals 248hr hr 72 hr animals 24 hr 4 hr animals 24 hr 48 hr 72 hr

Stock ,2 2-E4 2-E4 3-E4 12 2-E4 2-E4 2-E4 4-E4 4-E4 4-E4

1-N2 l-N2 l-N2 2-N2 2-N2 2-N2 l-N2 I-N2
1:2 4 4-E4 4-E4 4-E4 2 2-E4 2-E4 2-E4 4 2-E4 2-El 0

2-N2 2-N2 2-N2 1-El
1:4 4 4-El 4-El I-El 2 2-E4 2-E4 2-E4 4 2-El 2-El I-E4

I-N2 I-N2 2-N2
1:8 4 1-El 15 I-El 2 2-E4 2-E4 2-E4 4 2-El 2-El 1-El
1:16 4 2-AI 0 0 4 4-E4 2-E4 2-E4 2 0 0 0

1-El
1:32 4 0 0 0 4 4-El 2-El 2-El 2 0 0 0
1:64 4 0 0 0 2 0 0 0 2 0 0 0

a-The Draize Test was used to evaluate skin effects (table VII, p. 27).
.. b.0 5 ml of 0.25% RDX in 1: 1 solvent: saline solution.

Table XVI. The Determination of a Suberythemal Dose of RIDX in Acetone, Cyclohexanone,
Pure and Technical Grade DMSO When Administered Topically in PEG 200 in Clipped Guinea Pigs

Compound Solvent Dilution in No. of animals Skirl effe•ct-_Compound Slet PEG 200 exposedl 4-5 hr 24 hr 48 hr 72 hr

PEG 200 (100%) - - 16 0 0 0 0

RDX(5.4%) Acetone 1:10 3 0 0 0 0

RDX (5.4%)) Acetone 1:100 3 0 0 0 0

RDX (7.5%) Cyclobexanone 1:10 3 0 0 0 0

RDX (7.3%) Cyclohexanone 1:100 3 0 0 0 0

RDX (33.0%) Pure USO 1:10 3 0 i 0 0 0

RDX (33.09) Pure DMSO 1:10k) 3 0 0 0 0ROX (33.0%) Pule DMSO 1:100 3 0 0 0 0
RDX (33.0%) Tech grade DMSO 1:10 3 0 0 0 0
RDX(33.0%) Tcch gradc DMS0 I:100 3 0 0 J 0 0

* 0.5 mi

The Draize TEst was used to evaluate skin effects (table Vii, p. 27).
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Table XVIII.The Determination of a Suberythemal Dose of HMX in Acetone, Cyzlohexanone, and
Pure and Technical Grade DMSO When Administered Topically in Polyethelene Glycol 200

in Clipped Guinea Pigs.
• iDilution No. of

in animals Skin effectsb-

Compound Solvent PEG 200 exposed I 3 hr 24 hr 48 hr 72 hr

. .. No. animals/effects

PEG 200 (1001) - 16 O 0 0 0 0

HMX(2.0%) Acetone 1:10 3 0 0 0

HMX (2.0%) Acetone 1:100 3 0 0 0 0

HMX (2.5%) Cyclohexanone 1:10 3 0 0 0 0

IIMX (2.5%) Cyclohexanone 1:100 3 0 0 0 0

H-MX (3.3%) Pure DMSO 1:10 3 01 0 0 0

HMX(3.3%) PureDMSO 1:100 3 0 0 0 0

HMX (33.3%) Pure DMSO 1:10 3 0 0 0 0

HMX (33.3%) Pure DMSO 1:100 3 0 0 0 0

HMX (3.3%) Tech gradDMSO 1:10 3 0 0 j 0 0

HMX (3.3%) Tech grade DMSO 1:100 3 0 0 0 0

HMX (33.3%,) lTech grade DMSO 1:10 3 0 0 0

SHNM X (33.31) ITech gradeDMSO 1 0 3 0: 0 1 0 0

4 1 0.5 11i1

SThe DWaix: Test wa. used to ealuate skin ects: (tabl VII, p. 27).
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ScitSltizationl usually involves lhe entire skinl surfuce. It may occtur anywhere on the
ik,0%V but is most ea;.:ily ilnduced in ill area thait h|•s been inflamed because of primary irritation,
hiih.'o.ll hburns, and other causes. It has been postulaed that the concentration of lymphocytes ini
"ki, ahi area greatly aids or is even ie essary for the production of senisitization. It is not the simple
,Alci•vai |apteile itself that acts as the antigen, but its combination with the proteins of the skinitp,,ml tile haptene-protein antigen colijUgale, Tlhis conjugate then acts as the stimulus that produces

dW. i.iliult e response in the host. rhc antibodies Vormed tre not only directed against the haptene
,'IdtIun "of the conjugate but also against the proteiin carrier. When a sensitized animal is challenged
w, th• halate.'iie itself (either by topical application or intraderinal injection) an inflammatory
i,:sponsc is manil'ested within 24 to 48 hours.

On this basis, it jiR reasonable to assume that a simple chemical which is a potential
.,n~agen will induce s.nsitizatikon haoic readily if it is a primary irritant. There are, however, cases
wii%|re nonirritating substances have produced sensitization, and vice versa, where highly potent
praimary irritants have failed to produce sensitization. Rothberg 72 showed that primary irritants
,-a,,se sensitization in his studies with guinea pigs which were designed to determine the sensitization
I-i.c:itial of a-bromo-a-tolunitrile (CA), I 0-chloro-5,l O-dihydrophenarsazinc (DM), a-chloro-aceto-
,,iieuone (CN) and o-chlorobenzylidinenialononitrile (CS). In these studies both CN and CS were
,o.uid to be primary irritants, causing extensive erythema, edema, necrosis, and sometimes eschar
fu-Iiiation when administered intradermally or percutancously during the sensitization period. They
,vcIC also found to be sensitizers.

In our studies, both cyclohexanone and DMSO, with and without RDX and HMX,
wvrc Iound to be irritants when applied topically. Topically applied DMSO was also observed to
-. aise a "smoking" action, an effect obviously due to a chemical reaction with the skin. When
administered intradermally, with or without the explosive components, cyclohexanone, DMSO, and
acetone caused skin damage at the concentrations used. Yet none of these solvents or solvent
RDX-IIMX combinations demonstrated a scrsitization potential when the animals were later
,i:allviged by either route. These findings confirm that a compound can be a skin irritant without
I,,,ing a sensitizer.

Since all solvents invloved in these studies except topically administered acetone
.at.,d skin| irritation at the concentrations used, it is difficult to determine the contribution of
i,1)X and IiMX to imtancy. By the intradermal route any contribution by RDX or HMX was
Jk,•,taed by thesolvent effects. The order of solvent irritancy by this route is: (1) cyclohexanone,

.,:coi:, and (3) DMSO. This order does not appear to be related to weight of solvent
..,I.,imstered per injection because the least effective, DMSO, was administered in the greatest
,gtailfltlty.

The contribution made to skin irritancy by topically administered RDX and HMX in
,.,Ich solvemt is also difficult to detennine because of the initial erythematous and residual
,k,.quamation effects of cyclohexanone and DMISO. Since acetone was not irritating and the
,es1dual amounts of KOX and HMX left on the skin after each treatment caused no topical
airilation. it would appear that RDX and HMX themselves do not cause irritation. This erfect could
be due to poor skin absorption of the neat compounds. Patty' r.eports that there is no evidence of
skin absorption of RDX. Information on the skin absorption of HMX is not available.
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In the topical sensitization exposures reported here, RDX and HMX were used with the
solvents at the highest concentrations obtainable. RDX and HMX were also tested by intradermal
injection which is even more direct and reliable than topical testing.

Our data show that neither RDX nor HMX cause sensitization by either exposure route
when tested by the method of Landsteiner and Chase. 69" 7 0  1 Also, none of the solvents used in
these studies produce sensitization.

In a report of primary irfitancy and sensitization dermatitis, particularly of the face
and eyelids during the nitration process of RDX, it was shown that an unidentified component in
the fumes from the ,'action mixture was responsible. 7 McConnell 8 attributed some dermatitis to
the manufacture of RDX, but this was probably related to intermediates because significant
dermatitis was not obsezved in individuals handling the purified material. This observation was
corroborated by Von Oettingen's 3 findings that patch testing with the moistened solid did not
produce irritation.

Sunderman 66 showed that powders of both RDX and HMX caused primary iruitancy
in humans when patch tested as described by Swartz and Tulipans.7 3 With this method he also
demonstrated a negative human sensitization potential for RDX but a positive sensitization
potential for HMX. RDX is manufactured by the nitration of hexamethylenetetramine which is
obtained by the reaction of formaldehyde and ammonia. 74 Formaldehyde is liberated from this
reaction and is oxidized by the nitric acid if the mixture is allowed to stand. If the formaldehyde
remains in the spent acid after drowning, there is difficulty in recovering the nitric acid from the
spent solutk,n. As a result of the rupture and degradation of the hexamethylenetetramine molecule,
numerous aliphatic and cyclic nitro compounds are present in crude RDX. The most important is
cyclotetramethylenetetranitramine, or HMX. Since HMX is a byproduct of RDX and has the same
basic molecule. and group types, it is difficult to understand why RDX would not, and HMX would,
cause sensitization. As a general rule, if a parent compound is a true sensitizing agent, most of the
intermediates involved in its synthesis are also sensitizers. A good example of this is the
intermediates involved in dye production.7 5

It was not within the scope of this study to determine the intradermal or cutaneous
toxicity of RDX or HMX in guinea pigs. However, since several animals (5/12) died from the topical
application of one or two 0.5-al applications of 33% HMX in pure or technical grade DMSO, a
comment is in order. Even though five animals died from HMX-DMSO exposures, seven others were
able to withstand, without symptoms, nine such treatments administered at 48 to 72-hr intervals
over 19 days. Also, in the studies shown in table XIII a single dose of 2 gm/kg and three I gnfkg
doses did not kill any guinea pigs.

The lowest single dose to cause death was 0.465 gmlkg. If the human wore comparable
to the guinea pig in toxicologic mcaponse to HMX-DMOO administered topically, the lethal dose
would be approximately 33 grais HMX (70 kg man) in 100 ml of DMS0. This dose is based on the
asumption that HMX-DMSO was uniformly spread over a large surface area of skin and that noeffort to remove it was made. This is a considerable amount of HMX and when compared to other
percutanoously poten: compounds, it must be considered relatively nontoxic.

Thiwy-three percent RDX-DMSO showed no toxic effects when applied in the same
amounts and over the same period of timc.
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4. Summary of Topical, Intratlrrmal and Sensitization Studies of
Solutions of RDX and IIMX, and of Solvents.*

Under the experimental conditions bescdred in this study, the following can be said.

o-Ic! N o deaths occured in guinea pigs given repeated topical doses of 5.4%.. :r=, • iRI)X-acetonc, 7.5% RD-cyciohexanone, or 33% RDX-DMSO.

2. No deaths occurred in guinea pigs given repeated topical doses of 2.0%
lNMX-acctone, 2.5, tIMX-cyclohexanone, or 3.3% HMX-DMSO. Several deaths occurred after one

or two exposures to 33% HiMX in DMSO. The deaths were attributed to HMX because no deaths
were produced by neat DMSO.

3. Topically applied DMSO caused greater skin damage than cyclohexanone.
Solutions of RE and HMX in these solvents did not produce noticeably greater skin damage than
the iolvcnts themselves. No visible damage was caused by topical applications of solutions of RDX
and HMX in acetone:

4. Cyclohexanone, acctone, and DMSO, administered intradermally, with or
wiihout RDX and HMX, caused severe skin damage. This prevented a reliable assessment of the

*Ke.ulfets of RDX and HMX by this route.

S. Acetone, cyclohexanone, and DMSO did not produce skin sensitizztion in guinea
pigs when administered intradermally or topically.

6. Solutions of RDX or HMX did not produce skin sensitization in guinea pigs
when administered intradennally or topically.

E. Cataracts Found in Guine Pigs Following Cutaneous and Intradermal Applications
of oQlveaddo " HMX,*

1. Procedures.

The eyes of 210 guinea pigi were %:xuminvJ after they had received cutaneous or
if:tr-Aukiil applications of DMSO (pure and technical grade), acetone, or cyciohexant~nt. In sodie
or the d4piicatuows, the soivents contained RDX or HMX. Fpr intrademal injections. te solvnt or

a s.ulution of oxptisivc in solvent was mixed I.' (v/v) with h]ine (table XIX).

The materials were administered thrce times a week for 3 weeks to 116 male and 94
female 9- to I 8-weck old animals. Examinations were made 26 to 110 days after application.

Microscopic examination, i an ophthalmoscocm, revealed catwrants in 20l of the
" anuials. Thc appearfAlce of one typical cataract s rcvc,.led by a siit&a-mp photogipph and a

-- photomicrograph is shown in figures I and 2.

*. ut atmeatzation wa conducted by MM Roy, H. Ren&torUf. Medic-4 Reah srvizon. Jol, F. CUabs*,
Tlxiiology Di'itkm. a•d PFC Wtllianm Webb, M.e-daj Rce.arch Div'mn
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Figure 1. Slitlamn Photograph of Guinea Pig Eye 40 Days after Receiving Intradermal

Application of 0.05 MI Pure DMSO in Saline Three Times a Week for Three Weeks.

Vacuoles (V) can be seen in the crystalline lens periphery, partly covered

by the iris (i). Magnified 12X.

Of the 98 animals that received HMX and RDX in solvents, 16% developed cataracts.
The rewaaining 112 animals recei;ed only solvent, and 23% had cafaracts. The common factor for
both groups was the solvents, ard the explosivcs did not appear to increase the probability of
cataracts.

3. Discussion,

A variety of substances, fed or injected, can cause cataracts in experimental animals.
fhese include naphthalene, iodoacetate, Myleran (I-4-butanediol dimethanesulfonate), Mimosine
(3-hydroxy-4-oxo-1(4H)-pyridinealanine), dinitrophenol, certain quinoid substances, ergot,
thallium, adrenaline, morphine-like drugs, and DMSO. In a cursory search of the literature, no
reports of cataracts caused by acetone -nd cyclohexanone have been found.

In a separate study in this laboratory, small mulliple doses of acetone, cyclohexanone,
and dimethyl sulfoxide administered either topically or subcutaneously on the backs of guinea pigs
over a period of 3 to 8 weeks caused cataracts in 29 out of 120 animals. Lens changes began as early
as 8 weeks and as late as 6 months. They consisted of subcapsular focal or extensive vacuolated
areas extending from the periphery towards the center of the lens. The histological appearance of
the lenses was similar to that of senile cataracts and some forms of diabetic cataracts. 6 5
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I' V. l'.SUML

-~ \. I ntiavcnous Fffects of RDX, I IMX, .snd Ibree Solvenk'.

I . IntravenlousToxiCity of RI)X and IIMX in Mice and Guinea Pigs.

'Ihei intravenous LD5O for inice of RDX in DMS0 is 18.7 (15.7-22.3) mg/kg and of
*~ ~ 114 iiX inl DMS() is 28.9 (25.1-33.3) mig/kg. Deaths occurred in 5 to 10 minutes and were preceded

i~v ~imlu convulsions and labored brathing. The survivors were lethargic for several hours thereafter,
* b ut *%i om inial within 24 hours.

The intravenous LDSO's in guinea pigs for RDX and HMX in DMS0 are 25.1
~u~ti . inigik anid 28.2 (20.2-39.8) mg/kg, respectively. Convulsions, prostration, and deaths

uou'dwithin 5 minutes.

2. Intravenous Toxicity inl IDoýs.

The intravenous admainistration of about 0. 1 mI,/kg of acetone producee significant but
'lniciisct decreases in blood pressure. The sAmie losL- of cyclohiexanone caused at transient cardiac

a ct. ('yclohexanone also produced hiight-voltage:, iow-trequency patterns in the EEG. This is
-Ypw~iai of central nervous uepression, or of sleep. D~uring this pflasc, the aninials were semicomnatose
MAIu twin responlses were depressed. These solvent effects obscuied the actions of dissolved RI)X or
~ifivi. 'Itie only effect ot 0. 1 mi/kg I)MSO was anl appreciable but transient decrease *in blood

thie intravenous administration of 40 mig/kg of I(DX in DMSO was followed in less than
I sconds by anl epileptic-type, spike-and-donie EEG pattern and concomitant convulsive
ii.aciici~sChlanges ini blood pressure and heart rate were negligible at this time. Two dogs died,

.4,jraectly in cardiovascular collapse, at 45 and 90 mninutes after injection of the material. Twenty
* .t~i of RD'\ in I)MSQ ctised the CNS effe:cts but not death. ([hle convulsive-type FE. pattern

.111d miu~mle activity could be precipitated by jphotic or tictile stimuli.)

t'hie intravenous administration of 40 mig/KLg of' iMX inl DMSO caused death inl

~..~ia~ctlarcollapse in I iand 3 miniutes in two dogs: two others dtied in about 14 hr. When two
XJ ~ug dO~'~ oik'c 3i 0 Cii. 11fmiutes .ii.t to t*.o auditional dogs, there was an immediate fall in

W'"i csaeand on1e dog died :In I nunii. Lpcti- , eEIG and muscle naovemenis developed inl
ill' 01iikcr kit)' .atier several hours. It died 14 11011r1 Alter anl apparent recovcry from the central and

prolniawaeit difierencix betwceii RI)X .aid HIIX In file dot! was the time of aptwarace
iae caar~a aerous'~seaiieffcts Theepieplotin k)ti I y ccurred almost immnediately witin

RUX out dttei a. delay Wall t HMX.

ii 1 ocal 1-1iiet is of'.Iopical ApphcaikAtows~.

[heN trcSOlven~ts anti S0161100', Of Rt)N and I-INX inl 11nC solvents o0.c:isionally cause
:iy ih..i:aj and signs, of irrit~tion of pain when applied to Ilhe Nkin of' rabbits, guinea piAgs, or dogs.
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DMSO is the least volatile anii possibly the most active on the skin. Acetone. which is
the most volatile, was the least active. l)MS0 soneltrimes caused fine wisps or smioke to rise from the
skin surface. Also, the animals vocalized, squirnied, licked the site of application, and exhibited
reactions indicative of pain. These skin reactions are in accord with those previously described for
DMSO in animals a ld man.

Following repeated application, DMS0 and cyclohexanone caused the skin of rabbits,
dogs, and guinlea pigs to become dry and hard. A slight flaking or desquamnation occurred in the
outer layers. There were no fissures, eschars, or scab formations.

C. Systemic Effects Following Topical Skin Application.

1. Blood Values in Rabbits.

Single or repeated topical skin application to rabbits of 1.0-nril doses of DMSO,
cyclohiexanone. or acetone, or solutions of RDX and HMX in the three solvents did not significantly
alter the red blood cell coont, the whiteý blood ;oll count, hematocrit, hemoglobin, blood urea
nitrogen, creatinine, alkaline phosphatase, serumn glutamic oxalacetic transainlinase nor electrolytes.

2. Organ and Tissue Examinationi inl Rabbits.

No gross or microspic abnormalities were found in the organs or tissues of rabbits that
died or were sacrificed following repeated topical applications of the solvents or solutions of RDX
or l-MX in the three solvents.

3. Physiological Parameters inl Dogs.

Single and repeated topical applications of' the. three solvents oi of saturated solutions
of' RDX or H-MX in the solvents to unaneithetized dogs produced no significant changes in blood
pressure. heart rate. EKG or EEG patterns, ur respiration. There were no abnormal gross or EEG
responses to visual, auditory, tactile, irritant, or painful stimuli. Doses of' RDX and lIMX were as
great ab 480 mg/kg repeated onl 3 consecutive days.

Since intravenous doses ol' 20 to 40 mg/kg of' RDX or H-MX produced marked
toxicological responses in dogs, it is indicated that thc c.anine skin is poorly penetrated by these
explosives.

4. Lenticular Opacities..

AN mentioned in our re:view of tlhe literature. lenticular opacities have been produced

by DMS0 admiinistered by various. routcs of. administration, iincuding percutaneouis. inl various
anlm~al NIpCCICN.'4,111.4 '~ but not inl mlanl.- 5. S .411i.4 2.4 3.4 9 This c't afar effect wis noted following
topical and intraderimal application of' D)MS0, ;itcconc. and ;yclohexarione to guinea pigs in theI
present study. To the knowledge of thec present ýivestigators. leniticular effccts have not keen
attributed previously to these solvents. The itunbi-e of aiinials was too smnall to rank the solventi
for this effect: however, it was indicated that DMSO wvit' the most damnaging and cyclohexanone swas
the least injurious. Also, it was indicated that the pru-sence of Rl)X or UNIX was no mnore darmigingd
than the solvents alone. Subsequent studies in these laboratories to inoUUCe leillIUlar opjattas' in
rabbits with acetone haveý not been succcessi ul.

'Rcegstorff, R. H., Pctr2ix, J1. P., and -Sui, V. Us. Unpubmhod~ Data.
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Although lent-cular actions due to these solvents have not been seen in man, it would

be injudicious to minimize human exposure.

5. Toxic Signs and Death in Rabbits, Guinea Pigs, and Dbgs.

No toxic signs or deaths resulted in rabbits, guinea pigs, or dogs from the single or
repeated topical skin application of:

DMSO, acetone, or cyclohexanone

RDX in DMS()

HMX in acetone or cyclohexanone

Paralysis in rabbits, convulsions in guinea pigs, and some deaths in both species
occurred following topical application. One rabbit died after the fifth 0. I-ml dose and one after the
tenth application of the 1.0-ml dose of 5.4% RDX in acetone. Another rabbit died after the eighth
I.0-ml application of 7.5% RDX in cyclohexanone. Six rabbits died after repeated 1.0-ml doses of
33% HMX in DMSO: three after the second dose, one after the fifth dose, one after the sixth dose,
and one after the twentieth dose. Five of 12 guinea pigs died 24 to 48 hr after topical exposure to
33% HMX in DMSO, four after single doses of 465, 477, 507, and 546 mg/kg, and one after two
doses of 1126 mg/kg.

In another abbreviated test to find the percutaneous LD50, no deaths in guinea pigs
occurred with RDX oi- HMX in DMSO at doses from 316 to 2,000 mg/kg. Thus, although some
deaths occuiTed in guinea pigs at single doses of 465 to 546 mg/kg, the LDS0 may be above 2000
mg/kg. Following three 1000 mg/kg doses of 33% HMX in DMSO, guinea pigs became apprehensive
and lost weight; their skin became spongy and absorbent after each application and lost its normal
color.

Convulsions preceded death in guinea pigs. Lethality could possibly be attributed to
excitation of the central nervous system. It is not known whether or not deaths in rabbits were
pruceded by signs of excitation of the central nervous system. Paralysis, attributed to broken backs,
preceded death in rabbits. It is possible that the backs were broken during convulsive episodes
which occuted during the night or during other periods when the animals were not being observed.
It is questionable that the deaths were attributable to the agents.

Central excitation has been noted in the electroencephalographic pattern in dogs. This
information indicates that HMX in DMSO can penetrate the skin of some mammals in sufficient
dosage to produce toxic signs and death. Very high doses are needed.

I). Sensitization

Skin application of the three solvents or of RDX or HMX in the solvents, followed by
topical skin or intradermal challenge with the same material, yielded no evidence of sensitization.

V. CONCLUSIONS.

I. Acetone and cyclohexanone in sufficient dosages caused some drying and
hardening of the skin (locally), and central and cardiovascular depression systemically. DMSO

58

1111 N



caused the above mentioned cutaiieous %n lects. All three solvents producedl sonic lnticular changes.
None of the solvents influenced blood values or histological appearance of various tis.%i~s. None of
the solvents caused senisitization.

2. DMSO was the strongest and acetone the weakest in producing local sk in effects
when applied topically.

3. DMSO was the strongest and cyclohexanone the weakest in causing lenticular
opaci ties.

4. IIMX in DMISO penetrated the skin of rabbits iii sufficient quantities to producej convulsions, paralysis, and death only when applied in very large doses.
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FIGURES

ANESTHETIZED 
LEFT (LEAD I(

UNANESTHETIZED
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LEADS ELECTRODES
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III A B
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I mv~0 1 My -

RIGHT (LEAD III
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Figure A-i. Diagrammatic Sketch of brain Shoing Approxiimate Placement of Electrodes.
Sample Tracings of EEG in Anesthetizvd and Unanthlietized Dog.
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APPENDIX B

TABLES

Table B-1. Values for Blood PrCssure, Heart Rate, and Respiration During 4-Weck Observations
in Dogs After Acute Percutancous Application (I ml) of RDX, HMX, and Solvents

(t'. ol 1st Week 2d Week 3d Week 4th Week
Treatment . . ...- - - - - - - - - - - - - - - - - -

Bpa-__ Respc HR Resp HR Rcsp HR Resp RP HR Resp

18018DM10 92 16 96 16 104 24 96 30 - 114 2495 100
Acetone 175 5 8

A175 02 12 100 38 108 30 72 50 120 24

Acetone 190 108 12 - - 120 48 120 - - - -
110

Cyclo 0 156 18 - - 182 36 120 36 180 36
125 1 100

3190
RDX-DMSO 13 140 14 136 14 96 36 - 114 24

184 10

RDX-DMSO 1 165 27 104 30 96 24 120 24 - 144 26
120t

RDX-Acetone 18"7 144 13 102 24 120 28 84 1 36 - 96 30
100 

100
190 180 3

RDX-Acione 19 78 30 78 30 72 38 72 48 180 so. 5090 too0
170 !8 108 I 4sRDX-.ycl 17 144 24 108 24 84 18  108 301 - 8 24

5 -100
21 !65

RDX-Cyclo 176 28 110 Io 96 36 96 36 .- 130 -10
125 75I200 175 5

|iMX-DMSO -to 15o 36 108 48 120 48 168 60 75 1440 52

HMX-ALxtnc - 144 24 98 1S 108 306 "7 84 24

90 12 100
|tMX-Cyco - 102 I 5_9_30__84__3

' BP femoral arterial blood pressure (ram Hg).
bIHR = heart rate (beats pCt minute).

Rrsp respiratory rate (brcaths per mirute 1.
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Table B-1l. Pain Threshold and Pupil Response to Light Before and After Acute
Percutaneous Application (1 ml) of RDX, HMX, and Solvents

Control 1st Week 2d Week 3d Week 4th Week
Treatment Paina Pupil Pain Pupil Pain Pupil Pain Pupil Pain Pupil

rein resen Pain response P response

"V num v nu v V mm v mm

DMSO 10 - - - 10 10.0--3.5 15 0.0-4.0 10 12.5-3.5

Acetone 52 I 1.5-3.5 37 11.0-3.0 34 11.0-3.0 24 11.0-3.0 30 11.5-3.5

Acetone 1 25 12.0-3.5 50 11.0-2.5 31 11.0-3.0 ....

Cyclo 48 9.0-3.0 - 38 10.0-3.5 44 10.5-3.5 28 11.0-2-5
RDX-DMSO 38 10.0-3.5 9.5-3.5 40 10.0-2.5 - - 24 10.0-3.0

RDX-DMSO 32 10.0-4.0 40 10.0-2 0 46 9.5-2.0 40 10.0-2.5 26 10.0-2.0

RDX-Acetone 58 11.0-3.5 45 t 1 0-3.0 30 12.0-3.5 47 11.5-2.5 12.0-3.0

RD-Ac.tone 36 36 11.5-2.5 37 12.0-2.5 23 9.5-2.0 27 12.0-2.5

RDX--Aycoe 32 , 0-30 4t . 5 9.0---2.0 29 11.0-2.0 40 10.0-2.5
RDX-4.Cy cto (0 i 11.0-4.0 so 10.0--4.0 60 1 11.0-4- .0 6 0 . - . q4 .5-2 .0

IIMX-DMSO 60 1) 100-.0 40 10.-0-2.5 2s 1190-".0 20 9.0-2.0

tVNIX-Acem ¢ 0-4s 10.0-215. 38 100--.- 2• 11.0-3.0 '0 M-0.-2.0

flHMX-4.',, clh 40 9.0-2 0 31 10.0-,.() 3 ).O-2.0 34 10.0-210 go .0-2.5

1aaivn m the azount tit 1ulta•e twctdcd t; ehit a pxi twepons.

bhipli lespons the z1ctati-c .tic of the pupl "-crfer And aferf light %timulus.
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Table B-Ill. Effects of Certain Test Stimuli Upon Physiologic P'aramctets After Acute
NPrcutancous Application (I ml) of RDX, ltMX, and Solvents

M-Isal Vibratory Stroking Light Auditory
Treatment stimulation stimulation response flash responec

Bfl 11R Resp BP HR Rcsp BP HR Rcsp "BP HR -Rsp BP HR Resp

1)MSO 0 0 0 0 0 0 0 - - -

Axtounc 4 0 1 4 4 00 0 0 0 0 0 0 0

Acetone 0 0 0 0 00 0 0 0 0 0 0 0

Cyclo* 00 0 00 0 00 0 0 0 0 0 0 0

RDX-DMSO 00 U - 0 - - 0 0 0

RDX-DMSO 0 4 - 0 0 0 0 - 0 4

RDX-Acetone i 1 0 0 0 0 0 0-

RDX-Axtone- - - 0 0 0 0 1

RD.X -Cy,. 4 4 t, , L ; 1 0 0 0 0 0 0 0 4,

-

Ri)X.-ACh 0 0 0 t0 0 L 0 0 - 0
IMIXDXA &WI -I 1  4 i O 0 0~ 0 0 0 4

0__0 0 0 10 [ I
NO1 1 0 Ito drantC

n- lot monitoted

*') do
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I Jbl: I-IV. VýIluCN 101 Bbkuid Pe w.ure, Illant Rate und Repirfaiioi Durlng 4-Week Obwctvalwiuls
m P),,• i t Subacutc Itc KCIIuIaOeu Applicalion (I mI/day ) uf RDX, I IMX, uild Solvce ,is

Con111tol sI Week 2d Week 3d Week 4th Week
IBI131 Bn' IIRb RepC 11R Resp HlR Resp HR Resp BP I1R Resp

tMIS 108 25 96 30 84 24 110 24 30 156 30too 713

DMISO 180 156 36 144 48 144 120 120 120 75 120 90115 I00
200 175 72 4

,cet one I-' 144 3-1 108 60 108 36 96 96 72 48

100 190
Acetone I90 78 17 102 26 108 36 84 78 -- 84 40

Cylo100 18012 8 2
Cyclo 120 45 66 60 60 48 84 96 108 24

87 100
ylo200 175 16 4

cy0-o 132 26 90 24 90 36 120 70 126 48
135 1900

RDX-DMSO 13-5 108 30 96 36 90 18 90 24 M 95 80
90 100

I 90 200
RDX-DMS1 -- 112 30 80 -- 30 108 24 108 24 -- 108 15

RDX-I)ML - 100 25 100 25 100 25 96 20 - 104 25

RDX-DMSO - 104 50 120 25 100 24 120 25 - 116 25

19018RDX-Acetone 7-- 90 84 90 66 108 36 84 78 -- 84 40
100 90

RDX-Acetone -- 138 36 126 50 108 48 114 30 1 120 42

100 75

RDX-(yclo 180 96 26 80 24 72 32 88 40 - 84 3660 100
195 190

RDX-Cycjo -- 138 36 126 50 108 48 114 30 -M 120 42100 75
180) 190 10 5"

liMX-DMSO 1-8 138 33 96 60 120 48 144 75 102 50
8519 165

HiMX-DMSO 19..0 130 36 84 24 80 36 84 38 165 72 36112 100

iIMX-DMSO - 130 40 72 25 96 25 72 25 - 72 25

HMX-DMSO - 96 60 100 25 90 25 96 25 - 90 25

HMX-Acetone -5 100 28 90 36 90 30 96 36 M 96 36
90 100

185 185
IIMX-Acetone --- 144 24 108 60 120 38 120 38 -5 84 361 00 120

180 180
t'MX-Cyclo -0 132 48 120 24 144 36 156 36 - 150 3090 100

IttX-Cyclo 160 108 28 100 26 120 24 120 36 180 150 2475 105

a BP = femoral arterial blood pressure (mm Hg).
bHR a heart rate (beats per minute).
CResp = respiratory rate (breaths per n'Jnut,).
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Table 13-V. Pain Threshold and Pupil Response '.' Light Before and After Subacute
Percutaneous Appliation (I mi/day) of RDX, HMX, and Solvents

rontrol 1st Week 2d Week 3d Week 4th Week

Treatment Paiaa Pupil a Pupil Pain Pupil Pupil i Pupil
-- responsc esponse response response response

v mi v mm v mm v mm v mm

DMSO 48 9.0-1.5 50 9.j-2.0 32 9.0-2.5 41 11.0-2.5 -

DMSO 57 11.0-4.0 46 11.0-2.0 38 11.0-3.0 40 10.0-2.5 42 11.0-3.0

Acetone 28 10.0-3.0 18 9.0-3.0 24 11.0-3.0 - 10.0-2.5 - 10.0-2.5

Acetone I)2 10.0-3.0 38 10.0-3.0 47 11.0-3.0 42 1.0-3.0 38 10.0-3.0

Cyclo 49 11.0-3.0 - 10.0-2.5 .30 11.0-25 24 10.5-3.0 z4 10.5-3.0

Cy1lo .14 11.0-3.5 61 11.0-3,0 43 10.0-2.5 34 10.0-2.0 30 9.U-2.0

RDX-DMSO 47 12.0-3.0 52 11 .5-3.5 28 12.0--3.5 26 12.0-3.5 24 I1..-3.5

RDX-DMSO 40 I.0-3.0 55 31.0-3.0 38 11.5-3.5 41 11.0-3.S 20 10.0-3.5

RDX-ALVLtoIC 43 :1.0-3 0 20 12.--3.5 - 10.0-2.5 38 10--2.5 20 12.0-3.0

RDX-Acetone 37 11.0-3.0 42 101.S-.5 45 9.5-2.o 44 0.0-2.5 40 10.5-2.5

RDX-Cyc lo 34 11.0.-4.0 35 9.0-2.5 41 9 .0-3,0 44 9.5-3 .0 -

RDX-gCyclo 52 .0-2.0 32 9.0-2.0 34 10.0-2.5 24 9.5-2.5 48 10.0-3.0

28X-DMSO 2 10.0-2.0 15 1062.0 9.0-2.0 44 10.0--2.0 35 W.4-3.0

hMX-DMSO 2' t10.5-3.5 10.0-2.0 40 10.0-2.0 27 9.0- 24 1 -2.0
WX-A%,ýtonc 40 10.0-3.0 54 ! 0.00-3D 55 11.0-3.5 49 11.0-3,5 36 111.0-3.0

IWX-Actione 42 1 i .0-3 0 2-f 9.0-2.0 32 10.0- 2.5 38 10.0-3.0 38 11.0-3.0

HMX-,'yChI 15 11.0-2.0 - 10.0-2.0 4, 9.0-2.0 25 100-3.,0 31 10.0-3.0

HIfMX-,U J',, 41 ' ,-3.0 50so 1 0 1 ,-.C-2,0 25 a 0-2.5 33 93-3.5

~.w.'Plain (V) the athnunt of Voltage iveded "o lISCIt a positiw re.mL e.

bPup1 l respons- the rtalive we (in mrm) of the pup4l Wfore and sftet Ight itmulus.



Table 1-VI. liflbctsof Certain Test Stimuli Upon Physiologic Parameters After Subacute
IPerutancous Application 0I mi/day) of RDX, HMX, and Solvents

Nasal Vibratory Stroking Light Auditovy
Treatgnciu stimulation stimulation - response flash rcsponse

lBP HR Resp BP HR BeP lI I R Resp Bi HR Rcsp BP HR Resp

DMS0 04l j 0 1~ 0 0 0 00 0 0

MMS( 4 4 44 44 - 4 4 04. 0
Acetone 0 4 4 0 0 0 0 - 0 4? 00 40

Acctone 00 40 0 0 It 0 - 4 1 4,4 4

Cylo0 0 4 4 0 0 0 0 014?t 0 4
('yclo 0 0 4 0 4 - - - 4~4 . j

tRDX-DMSOI00O 0 4~ 0 0 0 0 010 010.0 0

-'1 KK0 0 j4 0~ 
-

RDX-DMSO -II

1- ,4I0 jo 1 0 0 04

RDX-ACeiO 0 4 0 14 0 t I.1HHX~01 j4o 0
RI)-Ccl 0 4 00

104X-CydO 0 I f') .0 1~ f

lHmXDIMSO of *I

MXA~oe0 4 1 0 14 0 i1 0 4 t 0 0 I 0 4 4

t(MX-AixUlu L) 0 4 It (1 t '01 ? 0 4?
,M- 

c' o & u~ I I t 0 0

1 4 0 0 0 0 U 4 0 4

*Cyck) CcyolulwwNW.C
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